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NERVE FIBRES IN VERY THICK 
SECTIONS AND IN SUITABLE 
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Abstract. In a previous article (1948) the author introduced a rapid method 
for silver staining nerve fibres in ordinary, mounted paraffin sections (5—25 
microns in thickness). By the modification of this method described below, 
being adjusted to very thick sections (100—300 microns), much more extensive 
connections of nerve fibres and their ramifications can be demonstrated. The 
modification can also be used for staining suitable, not sectioned preparations 


in toto. Some results are shown in photomicrographs. 


1. THE FIXATION. 


Generally, Bourn’s fluid (glacial acetic acid, commercial 40 %¢ formol and 
saturated picric acid solution in the ratio 1: 5:15) is the most suitable fixative 
for specimens intended for the rapid method previously introduced and for the 
modification now in view. 

However, specimens fixed in formol only (40 % formol, distilled water 1: 3) 
or formol-alcohol (40 % formol, absolute alcohol 1:7) or formol-alcohol-acetic 
acid (glacial acetic acid, 40 % formol, absolute alcohol 1: 2:17) may also be 


used. Of these fixatives | prefer the last-mentioned. 


F950 Acta Zoologica 1951. Bd. XXXII. 
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In the central nervous system the cytoplasm of many nerve cells is 
‘gyrophilic when fixed in absolute alcohol, but more or less unstainable after 
n in fluids containing formol (or other aliphatic or aromatic aldehydes). 
er, absolute alcohol is an unsuitable fixative for the method now in 
Therefore, specimens containing such nerve cell bodies may be fixed in 


lute alcohol and the sections afterwards treated in formol for 24 hours. 


r fixative is used, the specimens should be fixed for a sufficiently 
generally 48 hours, large specimens for a still longer time. 

fixed specimens should be transferred to 50% alcohol, then to 70 “ 

» 95 ©e alcohol (24 hours in each), where they may be stored for a short 

some weeks). After dehydration and clearing the specimens may be 


for unlimited time in paraffin (hard or liquid). 


2. THE SECTIONING. 


By using a freezing microtome it is easy to cut sections 100—300 microns in 
thickness. The specimen should be hard-frozen all through (compare notes 


below, point 5). 


The well-known method for rapid imbedding in collodion (introduced by 


GOLGI) and cutting sections with an ordinary microtome with the knife 


at a narrow angle to the direction of movement and wet with 70 © alco- 


used and is even preferable for series of sections. The method 
nodified: the specimen should be thoroughly dehydrated in 


‘eated with absolute alcohol-ether for ™% hour and transferred 


© collodion (pure, not used for other purposes) for 2 hour, mounted on 

ik, hardened in the air until firm, hardened in 70 © alcohol for about /@ 
1; sections transferred to 70 © alcohol. 

knife should be sharp and absolutely clean. The sections 

vandled with a soft dust-free brush or clean glass spatula (not with 

The surfaces of the sections must be smooth and remain free from 


rticles, which would serve as “nuclei” for precipitating silver 


© mounted, the staining method being adjusted io 


PRELIMINARY TREATMENT OF THE SECTIONS. 

ilver staining nerve fibres in very thick sections the main diffi- 
the background (the non-nervous tissue elements) sufficiently 
/ (and at the same time the nerve fibres black-stained right through). 


sections from specimens fixed with Bovurn’s fluid must be 
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decolourized. The best way of doing that seems to be to treat the sections in a 
pyridine-alcohol solution. 

However, the pyridine not decolourize only, but also decreases the stainability 
of the background and increases the stainability of the nerve fibres in a very 
suitable manner. After this treatment new-made sections may be stained at 
once, though it is preferable to follow the procedure described below. 

The stainability of the background in new-made sections from specimens 
fixed in formol or formol-alcohol or formol-alcohol-acetic acid is much more 
pronounced. lor this reason, prior to the pyridine treatment, such sections 
must be treated in 50 % alcohol for 3—20 hours (never more) at 40° C or for 
7—14 days at room temperature. 

This alcohol treatment, too, causes a considerable reduction of the stainability 
of the background. It does not influence the stainability of the nerve fibres. 

There is some reason to believe that the diminishing of the background 
stainability by the alcohol treatment depends on a dissolution of formol absorbed 
by or combined with the tissue substances, the stainability being quite 
unaffected by such a treatment in sections from specimens fixed in pure 
alcohol only. 

However, even the entire stainability is reduced in the course of time. As 
this reduction is independent of the fixative used (formol or alcohol), the 
argyrophilic substances themselves may also be slowly soluble in or destructible 
by alcohol (and water according to the investigations published by AGDUHR in 
1917). 

Thus, thick sections now in view should never be stored for more than one 
month in alcohol. 


As the pyridine interacts with the collodion, causing a serious constriction of 


the section, the collodion should be dissolved before the pyridine treatment. If 
the collodion must be spared because it holds parts of the section in position, a 
fairly good staining may be obtained by treating the section in alcohol only, 


particularly when the specimen has been fixed with Bourn’s fluid. 


4. THE SILVER STAINING. 


Naturally the abundance of nerve fibres and cells in the central nervous 
system limits the possibility to make translucent preparations of very thick 
sections when all the nerve fibres are black stained. Such sections must be 
lighter-stained, generally meaning that the finest nerve fibres remain poorly 
stained or even unstained. Nevertheless the result may be useful for particular 
purposes. 


However, the method now in view is undoubtedly more useful for 
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of the peripheric nervous system, where the number of 


‘omparatively small. 


very thick section were stained according to the method 
uusly published, the section would turn absolutely black and be covered 
que mass of silver precipitates. Obviously a thick section would 
too large amount of argentic ions if treated with the 15 % silver 
n used for thin sections. Consequently the concentration of the 

must first be considerably lowered. 
he percentage of silver nitrate were decreased until no 
the surfaces of the section and no blackening occurred 
the reduction process, the amount of “nuclei” and of free argentic ions 
be too small to form a visible staining of the nerve fibres as well. Then 
in, but to prolong the time of mordanting very much in order 


of “nuclei” and thus the amount of absorbed argentic 


ng with very thick sections, where lack of argentic ions can always 
luded by using reasonably decreased concentrations of silver nitrate, it 1s 
show that a guite sufficient amount of silver “nuclei” forms almost 

within a few seconds) in the nerve fibres themselves. Then, of 


nothing could be obtained by a further addition of “nuclei” to the 


ufficient amount. But this is what happens, when the mordanting time 


l and at the same time “nuclei” form in a continuously increasing 
n-nervous tissue elements too, until the possibility to get a 
stained background is lost. 

the silver nitrate solution can not be made as weak as it 


to avoid the above-mentioned blackening of the 


»f argentic ions during the reduction process 
f ions gets time to be washed out during 
argentic ions occurs at all for several 


ion is particularly high, that is in the 


nost suitably obtained mainly by lowering the 


pyrogallol in the reduction fluid used for staining thin, 


ing all factors controlling the staining result are kept constant (on a 

vel) but the percentage of pyrogallol, the staining may be simplified 
ly dependent upon the concentration of the pyrogallol. 

the concentration of the silver nitrate should attain a 

The concentration of the potassium nitrate should be 


The time of mordanting should not exceed 5 minutes. 
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Fig. 2. 
Fig. 1. Motor end-arborizations in striated muscular tissue. 200 microns cross section of 
the tongue of rabbit. Fixation in Bouin’s fluid. Magnified 65 X. Photomicrograph. 


Fig. 2. Sensory nerve endings in a fungiform papilla of the tongue of dog. The nerve 
fibre bundle fills up the papilla of connective tissue, the surrounding tissue being the 
stratified epithelium. The free endings are fogged, not being on the same level with the 
bundle, Section 200 microns, Fixation in Bouin’s fluid. Magnified 4oo X, Photomicrograph, 


For sections containing nervous tissue as well as non-nervous tissues the 
pyrogallol concentration should generally be 0.1 % and for sections containing 


nervous tissue only, 0.2%. As stated above, the staining method may be 


adjusted, if necessary, to various specimens by small variations in this 


concentration. The temperature of the reducer always should be 45° C and the 
reduction time 2 minutes. 

The silver stained sections should be treated with gold chloride and fixed. 
The gold stain should never be intensified as the reduction of the auric ions 
causes nothing but an unsuitably dark staining of the background. However, 
sometimes an intensifying with 1% oxalic acid may be useful for sections 
containing nervous tissue only, particularly for making the nerve cell bodies 
more stained. 


5. STAINING WHOLE PREPARATIONS. 


Thin membranes, small nerve stems and ganglia, the retina, ete. may be 
treated, handled and stained in toto as if they were thick sections. The thickness 


should scarcely exceed 1% mm. 


SLAINING NERY E I BR ES 
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crons, of part of a spinal ganglion of ox. Fixation in Bouin’s fluid. 
Magnified 65 jotomicrograph. 


. of rabbit. Fixation in formol-alcohol. Stained in toto. Seen from 
ion cells. nerve fibres and above all the dendrites of amacrine 
cells. Magnified 80 X, Photomicrograph 


For a uniform staining it is absolutely essential that all artificial wrinkles 
re smoothed out prior to the fixation and that the preparations are kept 
smooth until hardened in alcohol. For this reason it may be suitable to stretch 


ind fix the preparation with glass needles on the smooth surface of a thick 
- of solid paraffin placed at the bottom of a low-walled glass container and 

to take the preparation away until fixed and hardened. 
The surfaces of the preparations should be as clean as possible and freed 


issue. 


6. SUMMARY. 
imens should be fixed, preferably in Bovutn’s fluid, for at least 


- obtaining a sufficiently /ight staining of the non-nervous tissue elements 
formol in the 100—300 microns thick sections or whole preparations, until 
in thickness, should be extracted by treating in 50 alcohol for 3—20 


at 45° C or for 7—14 days at room temperature and, besides, alkalized 


ting in a pyridine-alcohol solution. 


-s controlling the differentiated staining are the following: 


nitrate concentration, which should be comparatively low 
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(I—5 %), (2) the mordanting time, which should be very short (not more 
than 5 minutes), and (3) the delay of the reduction of argentic ions, which 
should be considerable. 


This delay is most suitably obstained by a very high percentage of potassium 


nitrate in the mordant and a very low percentage of pyrogallol in the reduction 
fluid. 
As the stainability decreases gradually, the sections or preparations should 


never be stored for more than one month in alcohol. 


7. THE PROCEDURE. 


Fixation and sectioning are described above. The sections or whole prepa- 
rations should be handled by clean glass spatulae and treated as follows. 

1. Treat new-made sections in 50 % alcohol for 3—20 hours (not more) 
at 45° C, or in 70 % alcohol for 7—14 days (not more than 1 month) at room 
temperature. 

2. Treat in a solution, containing pure pyridine, absolute alcohol and distilled 
water in equal parts, for 4 hour (or more). 

3. Rinse in distilled water (2—3 containers) for % hour. 

4. Mordant in a solution, containing 1 % silver nitrate (or 5 “ for sections 
containing nervous tissue only) and 20% potassium nitrate, for 5 minutes 
(not more) at about 20° C. 

5. Without rinsing, transfer, using a clean glass spatula, to the reduction 
fluid (containing 0.1 % pyrogallol (or 0.2 % for sections containing nervous 
tissue only), 55 % alcohol and 0.002 % nitric acid) heated to 45° C and reduce 
for 2 minutes (not more) stirring with the glass spatula so that the section is 
whirled up from the bottom of the glass container all the time. 

6. Transfer, using another clean glass spatula, to a large amount of 50 “% 
alcohol and rinse for about 15 minutes, stirring with the glass spatula now 
and then. 

7. Wash in distilled water (3 containers) for 1 hour or more. 

8. Tone in a solution, containing 4 % yellow gold cloride and 3 drops glacial 
acetic acid per 100 cc, for 3—5 minutes (not more). 

g. Rinse in distilled water for about 30 seconds (not more). 

10. Fix in a 5 % sodium thiosulphate solution for about 2 minutes. 

11. Wash in tap water for about 5 minutes (or more). 

12. Dehydrate, mount. 
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NOTES. 


nitted for sections containing nervous tissue only, 
fluid. 
at 45° C the suitable stainability may easily be lost. 


reatment should be limited to 3 hours and, if necessary only, 


treatment sections made by the rapid coilodion 
absolute alcohol-ether until the collodion is 
spared, point 2 may be omitted for sections from 


's fluid, provided that the sections have been carefully 


point 1, and that 2 containers with a silver mordant, 


I “c silver nitrate, are used, the yellow stain being 
in the first one during e.g. 2 of the 5 minutes. 
ic acid it may be convenient to have 2 containers 
the vellow stain being extracted in the first one. Then 
be used for a long time. 
‘nitrate preparations purified for analysis contain traces of 
be buffered with amino-acetic acid, ordinary silver nitrate 


preferable in spite of some organic impurities, which 


- of the silver nitrate solution. Within 
rwise be put down. 
should be controlled. 
are anormal, all the solutions should be 
glass containers cleaned. Even very small amounts of 
purities can spoil the staining. Otherwise the silver nitrate 
for a long time. 
f the reducer used each time should not be used any 
; convenient to make the following stock solutions: 
lution 1: 1 nitric acid (determined by titration!). May be 


very long time, particularly when stored in an acid proof glass 
- 


2. 550 cc absolute alcohol (95 Ce alcohol is not pure 


water and 2 cc of the stock solution 1. May be stored 


3. 10 gr pyrogallol, 550 cc absolute alcohol, 450 cc 


> of the stock solution 1. May be used until yellow-stained 


is conveniently made each time by diluting e.g. 10 cc 


f I. Should be o1 
( ged up to 20 hours. 
he t 2. Prior to the pyri ae 
od should be treated 
if the collodion must be 
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of the stock solution 3 with 90 ce of the stock solution 2 (accurately measured). 
One or two sections may be reduced each time in about 100 ce of the reducer. 
The reducer should remain quite clear during the whole reduction process. The 
section or preparation should be coloured light-yellow or light-brown or even 
dark-brown, but must never be black. If it is, the reducer has been too strong 
or the preliminary treatment too weak. If the nerve fibres are poorly stained, 


the reducer, or possibly the silver mordant, has been too weak. 


Occasionally precipitates form on the surfaces of the section. Sometimes the 


reason may be adhered foreign particles, which serve as “nuclei” for precipi- 
tating silver molecules. Precipitates can also form when the reducer is too 
strong. Still a reason appears to be argyrophilic compounds liberated and spred 
out by the edge of the microtome knife when the specimen has been unsuffi- 
ciently frozen or dehydrated before sectioning. 

Point 6. As the glass spatula dipped down in the silver nitrate solution may 
be covered with silver precipitates in the reducer, the section should be trans- 
ferred by another clean glass spatula kept in readiness for the purpose. 

All the remaining (not reduced) silver nitrate must be washed out in the 
alcohol. Otherwise silver precipitates could form on the surfaces of the section. 

Point 7. It is absolutely essential that all the traces of the reducer are washed 
out prior to the gold chloride treatment. Traces of pyrogallol cause a sudden 
reduction of auric ions, staining the section and particularly the background 
bluish or black. 

Before the gold cloride treatment too poorly stained sections may be stained 
anew by repeating the procedure from point 4. 

Point 8. Can be omitted, particularly after differentiation, see below. 

Point 9. The auric ions are reduced by daylight causing a dark staining of 
the non-nervous tissues. Therefore the section should be fixed as soon as 
possible. 

Point 11. Overstained sections may be differentiated by treatment (for about 
2 minutes) in a solution of (1%) iodine in (70 %) alcohol according to an 
idea put forth by Dr W. A. H. Rusuron, Cambridge, England, during a 
collaboration with the author in the summer of 1949. The iodine should be 
removed by sodium thiosulphate (for about 15 minutes) and the section rinsed 
in water for 12 hour or more. The differentiation may be repeated if necessary. 
The section can also be differentiated before the toning (after point 7). How- 
ever, a successful progressive staining is always preferable. 

Point 12. Of course the dehydration takes more time for thick sections than 
for thin mounted ones (in absolute alcohol about 15 minutes). 


It is scarcely possible to work out a standard method which suits all the 
various materials. Therefore, of course, the procedure should not always be 
quite uncritically or mechanically followed. It should only be kept in mind that 
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preliminary treatments (washing out of formol and alkalinization with 
idine) suppress the stainability of the non-nervous tissue element approxi- 
ly in proportion to time and temperature (but also that the entire stainabi- 
vet lost in course of time). Further it should be reminded that the 

ility of the non-nervous tissues is increased in proportion to the con- 


f silver nitrate, to the time of mordanting and to the temperature. 


it should be born in mind that the necessary surplus of argentic ions 


sect 


ion (or preparation) neither should be transformed to stain too 
nor too slowly. Thus, the staining is dependent upon the strength of 
gallol reducer, the temperature, and even the time of reduction. To 
1 


least 10 variables. 


tested materials from mammals. 


work financial assistance was granted by Statens Medicinska 
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POST-PARTUM INVOLUTION OF 
TRE UTERUS OF ELEPHANTULUS 


C.5.VAN DEK HORST 


(University of the Witwatersrand, Johannesburg.) 


In a previous paper the sequence of events evolving in the uterus of Elephan- 
tulus during the whole course of pregnancy was described. This theme is 
continued in the present short consideration of the phenomena that can be 
observed in the uterus after parturition. 

The extensive literature dealing with the involution of the human uterus has 
been discussed and amplified by W1LLtams (1931) who personally had a large 
amount of material available for his study. A number of papers have also been 
written on the uterine involution during the puerperium of various mammals, 
(mouse and rat, guinea pig, dog, ferret, Tarsius etc.), of which I will only 
mention the work of vAN HERWERDEN (1905) on Cercocebus cynomolgus and 
that of Kurz (1904) on Tarsius. 

As my embryological material of Elephantulus myurus jamesoni (Chubb) 
was collected at random in the field, it is natural that a fair number of post- 
partum uteri has been accumulated. However, care has to be exercised in 
dealing with Elephantulus, as this animal readily commits abortus when in 
adverse circumstances. It is difficult to distinguish between a post-partum 
uterus and a post-abortum one, at least when the abortus took place during the 
later stages of pregnancy. Here, however, the ovary gives an infallible key. As 
was described previously (VAN DER Horst and GILLMAN, 1946 a), the corpus 
luteum passes through a number of consecutive stages during pregnancy. 
During the last stage, i.e. when the foetus is from about 30 to 40 mm. long, 
the corpus luteum starts breaking down in a characteristic way, and _ post- 
partum it soon changes into a corpus albicans. When an abortus occurs at an 
earlier stage, before the foetus has reached a length of 30 mm., the corpus 
luteum degenerates and does not change into a corpus albicans. Thus, even 
immediately after partus, the appearance of the corpus luteum gives a reliable 
clue to the type of uterus. One, otherwise very instructive, case in which the 
foetus was aborted or prematurely born, whatever one wishes to call it, when 
apparently it had reached a length of about 30 mm., was thus discarded and 
only authentic post-partum cases have been considered in this study. 

The changes taking place, during the later part of pregnancy and after 


parturition, in the uterine arteries, lying in the myometrium and the meso- 
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Fig. 1. A cross-section of the meso- 
metrial wall of the uterus during 
late pregnancy. Series 820. X 200. 


Fig. 2. A cross-section of the anti- 
mesometrial wall of the uterus during 
late pregnancy. Series 820. X 200. 


norphosis of the decidual cells surrounding 


a previous communication (VAN DER 


barking on the description of the post-partum uterus, the appear- 
before parturition has to be briefly recapitulated 

IQ50). 
jamesoni always bears twins, one embryo being lodged 


‘n of the uterus. Only a small region of the uterus is really affected 


| swells up enormously ; the greater part of the uterus, as found 


remains completely unchanged and, when during the 
region containing the embryo is greatly swollen, 
e appendix. All changes in the uterus during 
t-partum, therefore, are confined to an originally and 

uterus. 
lacenta and surrounded by the membranes, is attached 
tly stretched uterine wall by the decidual blood vessels, three arteries 
d one vein, only. Thus all that is needed at birth is a severance of these 
‘he uterine lumen is completely surrounded by an intact epithe- 
iat, at the mesometrial side, is traversed by these four bloodvessels. This 
partly derived from the swollen uterine glands that have already 
luring an early stage of pregnancy, and partly by the persistence 
ine epithelium. During the earlier stages of pregnancy, only 
side of the uterine wall will enlarge, whereas the anti-meso- 
wall apparently remains inactive. When the embryo is about 5 mm. 
this process is reversed, henceforward the mesometrial side will not enlarge 
re and even may slightly contract, whereas the antimesometrial wall 1s 
stretched by the growing embryo. The result is a marked difference 
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between these two walls during the later period of pregnancy. The mesometrial 
wall is rather thick, the longitudinal and circular musculature can easily be dis- 
tinguished and the uterine epithelium consists of high columnar cells (fig. 1). 
The antimesometrial wall, which now envelopes by far the greater part of the 
foetus, is very thin, no difference can be recognized between the circular and 
longitudinal musculature, and the uterine epithelium is considerably lower than 
at the mesometrial side (fig. 2). Yet even here the epithelium is quite 
conspicuous and may be called cuboidal, although no cell membranes could be 
detected in it with the staining method employed. It needs to be emphasized that 
the lower epithelium of the antimesometrial wall is directly continuous with the 
higher epithelium at the mesometrial. side; the whole uterine lumen is 
surrounded by an uninterrupted epithelial layer. 

Actual parturition was never witnessed in Elephantulus. Yet some remarks 
can be made in this connection. 

Whereas the early embryo may occupy any position in respect to the 
longitudinal axis of the uterine horn, in the older stages, from a length of about 
30 mm onwards, the foetus is nearly always directed with the head towards 
the pelvis. Of a number of cases where the uterus was opened, 23 specimens 
were found with the head and only 4 with the tail towards the pelvis; thus as 
a rule the animal is born head foremost. 

At birth the placenta is not ejected, but disintegrates inside the uterus. 
Therefore, like Talpa, Elephantulus is contradeciduate, to use Hubrecht’s 
designation for this phenomenon. In the doubtful case, mentioned above, which 
may be a late abortion or an early birth, and therefore is not considered further, 
the placenta is still in its place in the uterus and the umbilical cord can be 
recognized lying in the lumen surrounded by debris. Also in other cases remains 
of the umbilical cord could be identified when the placenta itself was already 
completely disintegrated. In series 358, (fig. 3), which is the earliest indubitable 
post-partum case available, some remains of the spongy part of the placenta 
can be recognized in the uterine lumen surrounded by a large mass of debris. 

The retention and disintegration of the placenta within the uterus is made 
possible by the length of the umbilical cord. Near term it may reach a length 
of about 4 cm. i.e. the same as the c.r. length of the foetus. Mostly the cord 1s 
folded up between the foetus and the placenta; in a few cases it was found 
encircling the body of the foetus; once it even went twice around the body. In 
such a case the foetus either has to turn round its own axis or it will pull out 
the placenta when born. 

As the material was collected in the field it can only give evidence of the 
sequence of events but not of the length of time required for the total recovery 
of the uterus. Fortunately, however, two animals gave birth to normal young 
shortly after their capture; one was kept alive in captivity during four days 


and the other during seven days. As these animals were apparently in good 
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ie they were sacrificed, one may assume that their captivity 


the normal sequence of the involution of the uterus. There- 
a reliable indication of the time factor, and by 


parturition in the other cases may be 


i: I 3. A cross-section of a uterus immediately after parturition. At the mesometrial side a ee ee 
: the ree ial veit nd decidual arteries can be seen; one artery opens into the uterine 
} } I] } lumen he 
z lumen; the vein opens in another section on the papilla protruding into the lumen. At the eee 
<3 ntimesometrial side some remains of the placenta, surrounded by clotted blood, are lying oS Se es 
in the lumen. Series 358. X 20 
interpolation the length of time since 
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One event helps considerably in this connection. Normally Elephantulus 
ovulates shortly after parturition, copulation takes place and the female be- 
comes pregnant again. There are indications that ovulation and copulation 
occur about two days after parturition. During the last days of pregnancy the 
Graafian follicles in the ovary begin to accumulate fluid, and at the moment 
of parturition they are nearly ripe. In the animal killed four days after 
parturition (series 552), ovulation had taken place and all eggs were assembled 
in the tubal eggchamber. As this animal was kept isolated, of course, the eggs 
were not fertilized; yet it is safe to assume that normally on the fourth day 
after parturition all eggs are found in the tubal eggchamber. The animal killed 
seven days after parturition, and also kept in isolation, (series 1144) showed 


a completely regenerated uterus; all eggs, liberated during post-partum 


ovulation, are dispersed in the uterus and degenerating there. The uterus shows 
a clear oedema, restricted to the mesometrial side. This oedema in an unfer- 
tilized animal is preparatory to menstruation. 

As there are over 30 post-partum uteri in the collection of sectioned material, 
not all of them will be described in the following, but only some representative 
stages will be selected. Furthermore Elephantulus has three consecutive 
pregnancies during the breeding season and thereafter, mostly in January, it 
goes into a period of anoestrus, when all kinds of things may happen, thus 
complicating the picture. Therefore only such animals that were in the full 
breeding season, when one pregnancy is directly followed by another, were 
selected for the following description. 

A cross-section of the uterus of the earliest indubitable post-partum case is 
shown in figure 3. The ovaries of this animal show the following. The corpora 
lutea have greatly diminished in size as compared with those of late pregnancy. 
There are still large lutein cells present, but the great majority of them have 
degenerated. The connective tissue cells, on the other hand, are very prominent 
(VAN DER Horst and GILLMAN, 1946 a). The ovaries contain a number of 
small cystic follicles; if there is still an eggcell in these follicles, then it is 
collapsed to an irregular form. The Graafian follicles are in an advanced state 
of fluid formation, preparatory to the post-partum ovulation, in most of them 
the cumulus oophorus is already separated by fluid from the surrounding layer 
of granulosa cells. 

The lower part of the collapsed right horn of the uterus that contained the 
embryo, is still greatly extended and has an irregular surface. Some deep, 
longitudinal furrows are the result of the circular contraction. Just before birth 
this part measured about 4 cm. in length and nearly 2 cm. in diameter. 

In a cross-section of the left uterine horn it can be seen that the muscularis 
is differentiated all round into an outer longitudinal and an inner circular 
layer. However, these layers are not yet sharply delimited from each other and 


especially the longitudinal muscle fibres often pursue an irregular course. The 
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forms a continuous layer, interrupted only where the decidual 
open into the uterine lumen. This epithelial layer is thrown 
mall folds, as a result of the contraction of the uterine wall. 
lds are somewhat broader and contain a core of stromal cells: 
row that they consist of epithelial cells only. Except in these 


re is hardly any stroma, only a very thin layer can be detected 


epithelium and the muscularis and at many places the epithelium 


are contiguous without any stromal cells between them. 
recognized at all as separate entities. 

single decidual vein and three decidual arteries were found. 

by the confluence of a number of placental veins, follows a 

the placenta to the mesometrium. The arteries, however, 

1 the mesometrium, and for some 

before they turn at a sharp angle to enter 

reach the centre of the placenta. Corres- 

lies in the uterine wall, is short. In the post- 

a widely distended vessel in the muscularis. 

with the uterine lumen is greatly narrowed to an 

tissue projects as a papilla into the lumen, where the 

partus. The arteries, on the other hand, proceed over 

in the muscularis also after partus, but, as can be 

mger follow a straight course as in the late gravid animal. 

the uterine wall from the mesometrium, the arterial Jumen 

Soon, however, the artery is constricted in an irregular way. 

by an active contraction of its wall, but probably 

he surrounding muscle fibres contributes considerably 

The arteries then have an irregular wavy 

fibrous wall and they contain a mass of 

blood clot. Having followed an irregular 

‘ies reach the inner surface of the uterine 

4). The arterial wall here is continuous with 

at partus the artery was severed 

the point of entrance into the uterine lumen. This place of severance 


1. In late pregnancy it can be seen that the decidual artery, where 


+1 


uterine cavity, is surrounded by a layer of tough fibres. 
where the artery emerges from the uterine wall. In the 
is surrounded by fibres and, moreover, it is embedded in 

al strength. Thus, there is a weak spot 


uterine wall and here it is 


wide cavity of the uterus contains a mass of debris. Most of it is 
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God 


Fig. 5. The right 

uterine horn, short- 

Fig. 4. A severed decidual artery, ope- ly after parturition; 

ning into the uterine lumen; part of a section of the cut 

another shrivelled up decidual artery is off left horn is 

seen to the right of the first. Series shown in fig. 6. 
358. X 50. xX 1.5. 


finely fibrous, with blood corpuscles interspersed. Also parts of the placenta 
could be identified in this debris, as well as the umbilical cord. 

In the next animal available the involution of the uterus is slightly more 
advanced (fig. 5). In correspondence with this is the fact that in the ovary the 
Graatfian follicles are fully formed and in many of the eggs the spindle for 
the formation of the first polar body is present. The corpora lutea contain 
only a few lutein cells, most of their substance is made up by connective tissue. 

The wall of the uterus, as in the previous stage, is still thin and collapsed ; 
it lacks consistency and so the uterus in cross-section does not show the form 
typical for Elephantulus (fig. 6). The muscularis still shows many irregu- 
larities, where it is difficult to draw a line between the longitudinal and 
circular layer. 

The uterine epithelium is very remarkable. It shows numerous excrescenses, 
often branched and of an irregular form (figs. 7, 8). The top parts of these 
outgrowths often give the impression of being cellular, as a short, blunt end- 
branch may contain a single nucleus. Yet, as far as could be ascertained in 
haematoxylin-eosin preparations, these outgrowths consist of a syncytium. Also 
in the basal part of the uterine epithelium no cell-membranes could be detected. 
Often these outgrowths are attached to the basal layer only by a narrow 
peduncle. Compared with the earlier stage the cores in the thicker outgrowths 
have contracted, with the result that a continuous basal layer of epithelium 
becomes differentiated from the narrow excrescenses. At this stage the nuclei 


and the cytoplasm in the outgrowths give the impression of consisting of com- 


pletely healthy tissue. The stroma forms a continuous, although only thin, layer 


all round the uterus. As the circular musculature is not well delimited on its 
inside, isolated muscle bundles pervade the stroma, or, in other words, the 
stroma is continuous with the tissue between the circular muscle bundles. There 
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arturition. The uterine vein is seen 
right a decidual artery is seen 
Series 604. A 20 


stroma nor in the epithelium, so the increase in 
a multiplication of the cells, but simply of the 
the uterus. Some glands make their appearance in the stroma. 


coiled. All these glands open at the 


between the excrescenses of the epithelium, so 


be distinguished from such a crypt in a single 


1 where it enters the muscularis from the 

in the lumen, and at this place a small 

decidual arteries have contracted in a 

ion, with the result that the severed ends of the arteries now 

uscularis. However, the path along which the arteries had contracted 

ized by a streak of clotted blood in the tissue between the 

the inner surface of the uterus, and a small wound still 
where originally the artery opened. 

1 in the uterine lumen, but not so much as at the 


‘r part of the uterus remains of the umbilical cord could 
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Figs. 7 and 8. The uterine epithelium and stroma of the uterus shown in fig. 6. Series 864. 
X 200. 


In the following stage, selected for description, and represented in series 
269, the ovary still contains the old corpora lutea of the previous pregnancy. 


These corpora lutea are only small, most of the lutein cells have completely 


disappeared and the few that still remain are in various stages of disintegration. 


The post-partum ovulation has taken place, but only recently, a number of 
eggs is still in the ovarian capsule and others are collected in the tubal egg- 
chamber. The new corpora lutea of this ovulation bulge out from the surface 
of the ovarium and are not yet covered over by ovarial tissue. These are indica- 
tions that the animal was killed about two days after parturition. 

The uterus is still considerably swollen. It differs from the previous stage in 
that the wall is resistant and, except for its size, the uterus has resumed a shape 
characteristic of a normal, non-pregnant uterus of Elephantulus (fig. 9). 

The muscularis, although more defined than in the previous stage, still shows 
some irregularities, in particular at the mesometrial side of the uterus. The 
cores of stromal tissue in the epithelial folds have contracted considerably, and 
here and there the basement membrane between the epithelium and the stroma 
follows already a nearly straight or slightly undulated line. The epithelial 
excrescenses, protruding into the uterine lumen, are in the process of being 
thrown off (fig. 10). In the decomposed cytoplasm many pycnotic nuclei are 


embedded. The tops of these excrescenses, especially, form a necrotic debris 
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10. The uterine epithelium and stroma of the 
uterus shown in fig. 9. Series 269. X 200. 


lying in the uterine cavity. The basal layer of cytoplasm, with the nuclei con- 
tained in it, on the other hand, retains its vitality and here and there this basal 
layer is already sharply demarcated from the necrotic mass, and thus it begins 
to form a regular epithelium with a single layer of nuclei. 

The stroma has increased in thickness considerably, yet no mitotic figures 
could be found in it. The glands are more numerous than before, some of 
them penetrate through the whole thickness of the stroma where they end near 
the muscularis, others are only short. Some mitotic figures could be discerned 
in the epithelium of the glands, denoting that here an active growth takes place. 

The decidual vein still reaches the inner surface in the depth of a crypt and 
here a small wound in the epithelium persists. The arteries have completely 
contracted into the muscularis and end there blindly in a scarlike tissue. 

The uterine lumen is filled with a mucoid mass without cellular debris except 
near the surface, where the necrotic tops of the epithelial excrescenses are 
embedded in the slime. 


In the next stage it is necessary only to draw attention to the uterine epithe- 


lium, At this stage only a few degenerated lutein cells are left in the old corpora 


lutea of pregnancy. The new corpora, resulting from the post-partum ovulation 
are partly covered by very flat cells. All eggs have reached the tubal egg- 
chamber, some were found with two nuclei and two polar bodies. Apparently 
fertilization had taken place. The uterus had contracted further so that the 
lumen is no longer round in cross-section, but slit-like. The uterine epithelium 


nearly forms a regular layer (fig. 11). The basement membrane is practically 
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Fig. 11. The uterine epithelium when 
it is nearly restored to its normal 
proportions. Series 110. X 200. 


‘here are still small excrescenses protruding into the uterine lumen 
tissue may adhere to them, At other places the epithelium 

perfectly flat surface. A cellular debris fills the uterine lumen. 
the following stage (series 41) some of the old corpora lutea of pregnancy 
‘ontain many lutein cells, others only a few. The new corpora lutea are 
completely covered over by a thin layer of cells. The eggs are all in the 
eechamber and in some of them the first division has been accomplished, 


they are in the two-celled stage. 


uterus is still swollen and much larger than a uterus of a primipara at a 


° stage of early pregnancy. The irregular outer surface of the 


moreover, at once reveals that the animal is still recovering from a 


gnancy (fig. 12). The ute rine lumen, however, has narrowed down 


us preg 
in mesometrial-antimesometrial direction as is typical for Elephantulus. 
‘um is now sharply defined from the stroma and, except at the 


the two layers of the muscularis are well delimited from 


‘ine epithelium is a perfectly flat unicellular layer; all excrescenses 
the luminal side, and the basement membrane separating 

. stroma is straight. For the first time membranes could 

| between adjacent epithelial cells and they show that the epithelium 


columnar cells 


na has considerably increased in thickness, it is now about as thick 
ularis. Compared with a primipara or an animal coming out of 
is, however, still thin. Yet it has the same appearance as the stroma 
yonding stage of pregnancy in a primipara. The peripheral part of 


hly oedematous whereas towards the lumen it is dense with 


is hig 
primipara or after anoestrus this density is the result of 
yedematous stroma without a corresponding 
In the present post-partum specimen no 
It may have been present, 
It is therefore possible that in the post- 
ing density of the stroma is the result of the continued 
Whatever the cause may be, the final result is the 
be completely dense and crowded with nuclei by the 

‘ives at the implantation site. 


if not in number, then at least in length, as revealed 
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Fig, 12. A cross-section of a uterus when the epithelium again consists of a single layer 
of cells. Series 41. X 20. 


by the numerous mitotic figures in the glandular epithelium. On the other hand 
no mitotic divisions could be observed in the uterine epithelium. 
Although the bloodvessels in the stroma are still swollen, a distinct decidual 


vein could no longer be identified ; it has resumed the character of an ordinary 


endometrial vein. The decidual arteries, on the other hand, are very conspicuous 


by their thick hyaline wall. Although they are strongly contracted near their 
severed end and their lumen practically obliterated, some extravasated blood 
was found lying in the tissue near the end of the arteries. It can be expected 
that at this period the new coiled arteries have been formed in the stroma at 


the mesometrial side of the uterus. Owing to their small size, however, coiled 
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Fig. 14. A cross-section of the uterus 

during the second pregnancy with a 

32-celled blastula in the embryo- 
chamber. Series 58. X 20. 


not be identified with certainty. Yet a small artery was found 
from the old decidual artery in a direction where the new coiling 
and most likely it is one. In that case the new coiling 

gsrowing out from the severed end of the old decidual arteries, 


-anches at'a considerable distance from the end. It is 
the old decidual arteries finally com- 


advanced stages anyhow it can no longer be 


contains some debris. 


ifferences between a primipara and an animal that was 
ssively effaced. The difference is still obvious at a 
astula is lodged in the embryo chamber. Although the 
presence of the embryo is identical in both cases, 


at once reveals that the one is a young and the other an 


14). Moreover, the fissures on the surface of the latter 


smooth surface 1c first, indubitably show that it 


an animal that was pregnant before. But with the advancement 
ind the continued swelling of the uterus these differences 
It has also been pointed out before (VAN DER Horst and 
iat the wall of the uterine artery, that in the post-partum 


ry thick, is no longer an indication of a previous pregnancy when 


tage with 13 somites. The corpora albicantia in the 
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A cross-section of the uterus of an animal killed 4 days after parturition. 
Series 552. X 20. 


ovary persist for a long time, but they also disappear during a subsequent 
pregnancy and then only the number of oocytes gives a clue to the age of the 
animal, and from the age it can then be concluded whether or not an animal 
has previously been pregnant. 

Finally the two animals, mentioned before, that gave birth in captivity have 
to be briefly considered. It must be taken into account, however, that these 
two animals were kept isolated and thus not fertilized again. In the first case 
this is of little importance as it was killed shortly after the time it would nor- 
mally have been fertilized. The second animal was killed much later and it 
shows the first indication of the oncoming menstruation. Yet even in this 
animal the involution of the uterus apparently was not seriously affected. Both 
animals give a valuable indication of the time required for the total process 
of involution. 

The first of them was killed 4 days after parturition. The old corpora lutea 


of pregnancy are still there, but contain only a few lutein cells in the last stage 
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16. A cross-section of the uterus of 
animal killed 7 days after parturition. 
Series 1144. X 20. 


The new corpora lutea are just covered by a thin layer of 

All eggs of the post-partum ovulation have assembled in the tubal 

uterus a general oedema of the endometrium can be 

The uterine epithelium is very thick and its surface still 

irregularities. On the whole the animal corresponds to that of 

re 12, but the completely smooth uterine epithelium and the 

of the stroma due to a greater density of the cells show 

rval between parturition and the death of the latter animal was 
than four days. 

killed 7 days after parturition (series 1144), the corpora lutea 

completely changed into corpora albicantia. The eggs of 

ovulation are all found in the lower part of the uterine horn 

decomposition. far size of the uterus is 

imal corresponds fairly well with the animal carrying a 

1 (fi 16). This may be an indication, but no more 


was also killed about 7 days after 


animals have entered upon different courses; the one 
erus from the previous pregnancy, shows the first reactions 


whil 


e in the other the uterus is practically completely 


bloodvessels, and the first signs of 
‘oming menstruation are apparent. Nevertheless this animal shows that 


ivolution of the uterus has been achieved about 7 days after parturition. 
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COMMENTS. 


The description of the various stages of uterine involution, together with 
the drawings accompanying it, hardly needs further elucidation. Attention has 
to be drawn to only a few points. 

The difference between the severed arteries and the single decidual vein is 
noteworthy. Both break off where they leave the uterine wall and enter the 
lumen. The arteries contract at once, so that the severed end comes to lie in the 
muscularis. The wound is soon closed and some extravasated blood can be seen 
in the uterine wall along the path of contraction. The vein, on the other hand, 
does not contract, it remains in contract with the surface epithelium and some 
blood may ooze out into the uterine lumen when the arteries are completely 
closed off. 

VAN HERWERDEN (1905) also found that it is the veins that reach the inner 
surface of the mucosa in the puerperal uterus of Cercocebus. 

Concerning the new formation of the glands one has to remember in what 
way the old glands were destroyed during the previous pregnancy. At the 
mesometrial side of the uterus, where the placenta is formed, the glands swell 
during early pregnancy, they extend enormously in a tangential direction and 
by the breaking down of the thin septa between them, they become confluent ; 
the peripheral wall of this swollen part then forms a continuous epithelial layer 
facing the muscularis. Only the short fundus of the glands does not change at 
all and, far removed from the next one, a fundus may be seen pressed between 
this epithelium and the muscularis. The central part of the glands is completely 
destroyed with the decidua during the first half of pregnancy. The original 
much larger antimesometrial part of the uterus does not extend at all during 
this first period of pregnancy and the glands there retain their form as simple 
tubes. But when in the second period of pregnancy the antimesometrial wall of 
the uterus is greatly stretched, the glands here are completely opened up until 
no trace of them is left (VAN DER Horst, 1950). Therefore, it is possible that the 
new glands in the mesometrial part of the uterus are formed from the fundus 
of the old glands. But as there is nothing to distinguish them from glands of 
the antimesometrial part, one cannot decide this with certainty. The glands in 
the latter part are a completely new formation, growing out from the surface 
epithelium. The many mitotic figures in the glandular epithelium denote that 
the glands actively grow in length when the stroma becomes thicker. 

When in the second period of pregnancy the antimesometrial part of the 
uterus is enormously stretched, the stroma here is not at all destroyed but only 
greatly extenuated, so much so that during late pregnancy one cannot even 
recognize it in a section (fig. 2). After parturition, however, it becomes 


apparent again, at first as a thin layer, but, as a result of the continued con- 
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uterus, this layer progressively increases in thickness until 

original dimensions are regained. Correspondingly no mitotic figures 

in the stroma during the involution of the uterus. VAN HERWERDEN 

did not find nuclear divisions in the stroma of Cercocebus. The 

part of the stroma, on the other hand, is largely destroyed during 
pregnancy and therefore must be restored after parturition. As in late 
parturition this part forms only a small section of the 

it can be recognized by the partial absence of endometrium, 

ntinuous, although thin, laver of endometrium is already present over 
part of the wall (fig. 6). Only here a few mitotic divisions could 

ble is the regeneration of the uterine epithelium after parturi- 

n has been drawn to the fact that during late pregnancy the uterine 
urrounded by a continuous epithelial layer. This epithelium, in the 

ial part of the uterus, is derived from the wall of the extended 

glands. In the large antimesometrial part it is the original uterine 
and the epithelium of the completely opened glands. This epithelium, 
already during the first half of pregnancy, remains conspicuous during 
| pregnancy, and could be designated as cuboidal at the antimeso- 
cylindrical at the mesometrial side, if cell membranes were visible. 

and after, parturition the muscularis can contract and thereby 

and more circumscribed layer, and whereas the stroma by 

ion can become thicker but retain the same volume, an epithelium 

or only to a limited extent. Also in the completely restored 

consists of a single layer of cells, and the thickness of 

layer can vary between relatively narrow limits only. The girth of the 
just before parturition i 7 cm. and, as the wall is reduced to a 
membrane, that also is the width of the uterine lumen. In_ the 
rus, as shown in figure 14, this same dimension is just over 2 mm. 
the length is reduced cannot be said with the same precision, as the 

is distended during pregnancy can no longer be recognized when 
rus has contracted to its normal size. But the contraction is certainly 
rable also in longitudinal direction. li it is equal to that in the 

he surface area of the epithelium would be reduced, during and 
1/goo of its extent in pregnancy. Irom this it is clear that 


there is far more epithelium than can possibly be used 


In some way or other the superfluous epithelium must 


luthermore there is no indication at all that the epithelium 


1¢ formation of stroma. So the epithelium is thrown into 
1 excrescenses projecting into the uterine lumen. The 
ise together to form a continuous layer that will remain 


1 


completely involuted uterus. All the rest is discarded 
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POST-PARTUM INVOLUTION OF UTERUS OF ELEPHANTULUS 


and can be found as a necrotic mass in the lumen, from where it is subsequently 
removed to the exterior. 

The new uterine epithelium is formed at the mesometrial side when the 
embryo is only in the primitive streak stage, at the antimesometrial side the 
old epithelium simply persists; together these two parts form a complete lining 
of the enlarged uterine cavity during pregnancy. After parturition the greater 
part of this epithelium is discarded, yet at no time or place is the continuity 
of the epithelial lining interrupted. Small wounds are formed only where the 
decidual arteries and vein pass through this epithelium and these wounds are 
healed in a short time. 

Kurz (1904) describes the reformation of the uterine epithelium in Tarsius 
as occurring in practically the same way as in Elephantulus. Also Bauer, 
according to Kurz, found a similar phenomenon in the ferret. In the latter 
animal the cells of the uterine epithelium directly post-partum are arranged in 
3 to 4 layers due to the contraction of the uterus. Within a few days this thick 
layer of epithelium is then reduced to normal proportions by dehiscence of 
cells into the uterine lumen. In Tarsius, as in Elephantulus, the uterine epithe- 
lium forms a continuous covering of the extended lumen during late pregnancy, 
interrupted only at the place where the placenta is connected to the uterine 
wall by a narrow pedicle. After parturition the mucosa is thrown into numerous 
folds which largely consist of the epithelium with small amounts of stroma. 
The tops of these folds degenerate and are discarded into the lumen. Thus 
there does not exist an appreciable difference between Tarsius and Itlephantulus 
in this respect. 
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DAS SINNESLINIENSYSTEM DER 
TREMATASPIDEN UND DESSEN 
BEZIEHUNGEN ZU ANDEREN 
GEFASSSYSTEMEN DES 
BAUSAELET IES 
VON 


E. BOLAU 


In einem i. J. 1944 abgeschlossenen grdsseren Manuskripte uber die Verte- 
bratenfaunen der obersilurischen K,-Stufe Osels (Saaremaa, Estland), das 
durch die Zeitumstande bis jetzt unpubliziert ist, wurden vom Verfasser des 
vorliegenden Artikels u. a. auch neue Beobachtungen am Exoskelett einiger 
Osteostraci mitgeteilt, vor allem aber neue Angaben uber die Histologie des 
Tremataspidenpanzers gemacht. Studien am Exoskelett des obersilurischen 
Agnathenmaterials [stlands sind darum von grossem Interesse, weil wir hier im 
Stammbaum der Fische die altesten bis jetzt bekannten Formen vor uns haben, 
die noch durch vorziigliche Fossilisationsumstande Einzelheiten der Struktur 
des E-xoskeletts erkennen lassen. Im Vorliegenden sollen als eine kurze Mit- 
teilung aus der genannten Arbeit einige Beobachtungen uber die Anlage und 
die gegenseitigen Beziehungen gewisser Gefasssysteme im [*xoskelett der 
Tremataspiden besprochen werden, die teils zum Sinnesliniensystem, teils zum 


sogenannten ,,mukosen“ oder ,,Schleimkanalsystem* gehoren. 


Die biostratigraphische Kennzeichnung der K,-Stufe Osels durch die Verte- 


bratenfaunen wurde vom Verfasser bereits in einer kurzlich erschienenen Arbeit 
geschildert (2). Auch auf die komplizierte Struktur des Tremataspidenpanzers 
im Allgemeinen soll in der vorliegenden Arbeit nicht eingegangen werden. Es 
sei hierzu auf die Arbeiten von STENSIO (5), GROss (3), ROBERTSON (4) und 
WaAncs]O (7) verwiesen. Aus Zweckmassigkeitsgrunden wird meistens bei 
Schilderungen der Struktur des Tremataspidenpanzers eine Dreiteilung ange- 
wandt: die aus einem atypischen Dentin-, oder richtiger Dentin-Knochengewebe 
aufgebaute Oberschicht, die lamellose Basalschicht, und dann die 
Mittelschicht, die von einem eigenartigen Kanalsystem durchzogen wird, 
das Srensi6 (5) als ,mukdses‘‘ Kanalsystem (entspricht dem ,,Schleimkanal- 
system" bei Gross 1935 [3]) bezeichnet hat. Es ist dieses ein sehr regelmassig 
angeordnetes Kanalsystem, das sich vollstandig gleichformig sowohl auf die 
Dorsal- als auch Ventralseite des Kopf-Brustschildes und auch auf die 
3, 4,6). Aus den Knoten- 


Schuppen der Hinterleibsregion erstreckt. (S/7, Fig. 2, 
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Fig. 1, Tremataspis mammillata Patten. Sinnes- 

liniensystem des A Dorsalschildes, B — Ven- 

tralschildes. Dorsalschild: 1 — Infraorbitallinie, 

2 — Postorbitallinie, 3 — Supratemporallinie, 4 - 

Extralaterallinie, 5 — Laterallinie, 6 — Dorsal- 

laterallinie. Ventralschild: 1 — Medianventral- 
linie, 2 —  Ventrallaterallinie. 


lieser horizontal verlaufenden Kanale entsteigen dicht angeordnete 
Porenkanale an die Oberflache des Panzers (Pk, Fig. 3). Die Durch- 
llen der Porenkanale sind bei gewissen Tremataspiden schon mit dem 


Auge als dicht beieinanderliegende Poren an der Oberflache sichtbar 


Ausser diesen kreisrunden Porenoffnungen beobachten wir an der Ober- 
flache noch eine andere Art von Durchbruchsstellen von Kanilen, die in der 
ittelschicht liegen. Es sind dies mehr oder minder langgestreckte Gruben, 


gemass ihrer Lage zum Sinnesliniensystem der Fische in Analogie gestellt 


nd nach threr Anordnung Orbital-, Temporal- oder Laterallinien 


‘den (vgl. Fig. 1). 


ntlich konnen wir also hervorheben, dass bei den Tremataspiden 

rigen palaontologischen Befunden zufolge zwei der Morfologie 

tion nach gesonderte Kanalsysteme unterschieden wurden: das diffus 

ganze Mittelschicht des Panzers verteilte ,.Schleimkanal- 

das Porenkanale an die Oberflache entsendet und dem also wie 

eine drusenhafte Funktion zugerechnet wurde, und 

ierte, in longitudinalen und transversalen Gruben- 

Sinnesliniensystem, fiir das man eine Funktion 
annehmen muss. 

Verfasser an einem grossen Untersuchungsmaterial aus- 

- die aussere Anordnung und den inneren Bau der beiden 

jedoch von dieser Auffassung wesentlich abweichende 

Folgenden kurz referiert werden soll. Das Ergebnis 

t eine allseitige Ubereinstimmung zwischen 

wo chleimkanalsystem* und den linearen 

n. Letztere representieren sowohl dem inneren Bau wie auch 


rdnung nach nichts anderes als nach oben offenstehende ..Schleim- 


ten Beobachtungen, die zu dieser Folgerung fiihrten, kénnen 

iden Punkten zusammengefasst werden: 
lkinbettungsmedien sieht man schon bei dusserlicher 
sich der Verlauf einer Sinneslinie der Anordnung der 


Mittelschicht zufolge genau dem Verlauf eines jeweiligen 
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DAS SINNESLINIENSYSTEM DER TREMATASPIDEN 


Fig. 2. Abb. 1—5: Serien- 
schliffe aus der Umgebung 
eines Sinneskanals von Tre- 
mataspis mammillata, die die 
Verbindung des Sinneskanals 
zu dem ,,Schleimkanalnetz“ 
zeigen sollen. P, Poren; Skul, 
Sinneskanale; ,,Schleim- 
kanale“. 15 X, 


, ochleimkanals“ anpasst. Das giinstigste Beobachtungsmaterial bietet Trematas- 
pis mammillata PATTEN wegen der relativen Einfachheit seiner Panzerstruktur. 

2. Dem entspricht die Anordnung und Lage der Sinnesgruben in der Mittel- 
schicht, wo sie sich in nichts von den ,,Schleimkanalen‘ unterscheiden, vielmehr 
ohne Abgrenzung in diese ubergehen. 

3. Die Versorgung der Sinnesgruben mit Blutgefassen ist dieselbe wie bet 
den ,,Schleimkanalen‘’. Die Einmiindung besonderer Kanale ist nicht zu 
beobachten. 

4. Bei Tremataspis mammillata, das den ubersichtlichsten Panzerbau auf- 
weist, kommt es haufig vor, dass an der Oberflache des Panzers eine fehlende 
Sinneslinie lediglich durch die Poren eines ,,Schleimkanals‘ vertreten wird. 
Dem entgegengesetzt konnen an beliebigen Stellen der Panzeroberflache 
Verschmelzungen von Porenkanalen stattfinden. — In Tig. 2, 1—5 sind Serien- 
schliffe von einem Sinneskanal und der angrenzenden Panzerregion von Tr. 
mammullata wiedergegeben worden. Wenn wir die in der jeweils tieferen 
Schnittebene liegenden Bilder betrachten und miteinander vergleichen, so ergibt 


sich aus ihnen die Bestatigung fur die zwei im Vorhergehenden angefuhrten 
Beobachtungen: E-rstens uber die innere Anordnung der Sinneskanale in ihrer 
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Fig. 3. Abb. 1—2: Tremataspis mammil- 
lata, Vertikalschliffe von ,,Schleimkanalen“ 
in verschiedenen Schnittebenen. Abb. 1 — 
langsgetroffener Kanal mit randlich ange- 
schnittenem Porenkanal; Abb. 2 — etwas 
schraggetroffener Kanal. Pk, Porenkanal; 
S1, ,,Schleimkanale“; Spl, perforierte Mem- 
brane; Sspl, Stttzapparat der Membrane. 
120 X. 


Beziehung zu den ,,Schleimkanalen‘‘, und zweitens tber die Bildung von 
Sinneskanalen durch seitliche Verschmelzung von benachbarten Porenkanalen. 
Abb. 1 zeigt die Lage der Sinnesgruben (Skn/) inmitten der Poren (P) an der 
Oberflache des Panzers. Wir haben es hier mit einem der genannten Falle zu 
tun, wo sich die Gruben wegen ihrer Kiirze kaum von den Poren unterscheiden. 
Die Sinnesgruben sind in zwei Gruppen angeordnet. Zwischen den beiden 
bleibt ein Zwischenraum, in welchem die Oberflache des Panzers 

lurch Ausmiindungsstellen von Kanalen durchbrochen wird. In Abb. 2 ist 
Oberflache soweit abgeschliffen, dass das Netz der ,,Schleimkanale“ gerade 
noch oben geschlossen daliegt. Die Sinneskanale dagegen treten als  breite 
Rinnen hervor. Besonders zu beachten ist, dass zwischen den beiden Gruppen 
von Sinneskanalen ein sie verbindender ,,Schleimkanal erscheint. Dieser 
etwas hdher liegen, oder, was auch tatsachlich der Fall ist, 

ie Oberschicht iiber ihm etwas dinner sein, da ja in derselben Ebene 
Scheimkanale“ noch nicht von oben angeschnitten sind. In Abb. 3, 
Schleimkanalnetz‘‘ sichtbar wird, hat der verbindende 

die Breite der Sinnesgruben angenommen, die in ihrer 

eine ununterbrochen verlaufende, relativ breite Rinne bilden. Je 


1,] 


Schleimkanale‘ angeschliffen werden, desto mehr nahert sich natur- 


Durchmesser demjenigen der Sinnesgruben (Abb. 4). Abb. 4 stellt 


Ebene dar, in der sowohl in den ,,Schleim‘‘ — als auch Sinnes- 


perforierten Horizontalmembrane sichtbar werden, die wir unter 
n Punkte besprechen. — In Abb. 5 erscheinen bereits die als 
hezeichneten Kanale des Blutgefasssystems (vgl. Fig. 4, Rk), 
sowohl in die ,,Schleimkandle“ als auch in die Sinnes- 


Auch sonst ist es hier bereits nicht mehr moglich, irgendwie 
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DAS SINNESLINIENSYSTEM DER TREMATASPIDEN 


Fig. 4. Tremataspis mam- 
millata. Etwas_ schrager 
Horizontalschliff durch die 
Mittelschicht, aKB, asu- 
bepv, Rk, Kanale des Blut- 
gefasssystems; L, Locher 
der perforierten Membra- 
ne; Sl, ,,Schleimkanale“; 
Spl, perforierte Membra- 
ne; Z, Lakunen der ehe- 
maligen Knochenzellen, 
190 X, 


wesentliche Merkmale anzufithren, die die ,,Schleimkanale“’ von den Sinnes- 
kanalen unterscheiden konnten. 

5. Der innere Bau der Sinnesgruben und ,,Schleimkanale“ ist ubereinstim- 
mend. Die mikroskopischen Untersuchungen klarten beachtenswerte [Eigen- 
tiimlichkeiten des Baues. Eine horizontal ausgespannte durchlocherte Mem- 
brane teilte die Kanale in einen oberen und unteren Teil (Sp/, Fig. 3, 
4). Den histologischen Befunden zufolge (Auskleidung der Innenwand 
mit einer ahnlichen atypischen Emailschicht wie die Oberflache des Panzers !) 
stand der obere Teil des Kanals mit dem Aussenmedium in direkter Verbin- 
dung, wahrend der durch die perforierte Membrane abgeteilte untere Teil 
ausser einem Stitzgertist fiir die Membrane (SSpl, Fig. 3) die /inmundungs- 
stellen fur die Blutgefasse zeigt (Rk, aK B, Fig. 4). 

6. Fur die Gruben der Sinneslinien erweist sich also eine direkte Herkunft 
aus den ,,Schleimkanalen‘. Sie sind nichts anderes als nach oben offenstehende 
,ochleimkanale“. Ebenso wurde bereits erwahnt (Punkt 4), dass bei gewissen 
Tremataspisarten Sinnesgruben von reihenweise angeordneten Poren vertreten 
sein konnen. Die Resorption der Oberschicht uber einem ,,Schleimkanal™, die 
sodann zur Ausbildung einer Sinnesgrube fuhrt, kann in den verschiedensten 
Ientwicklungsstadien beobachtet werden. 

Damit in engstem Zusammenhang steht die sekundare Entwicklung ganzer 


Sinnesliniensysteme aus dem _ ,,Schleimkanalsystem“ bei Tr. mammillata, die 


eine sehr eigentumliche symmetrische Anordnung zeigen und sowohl auf dem 


Dorsal- als auch Ventralschild erscheinen (Fig. 5, 6). 
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Fig. 5. Tremataspis mammullata. Sekundare symme- 
trische Sinneslinienbildungen auf dem Dorsalschild. 


Von besonderem Interesse ist, dass diese sekundaren Systeme das Sinnes- 


liniensystem) von 7Tremataspis in uberraschend gute Analogie zu den Sinnes- 


linien anderer Agnathengruppen stellen kénnen. So ist es méglich, wie Fig. 8 


zeigt, bei gewissen Tremataspisarten in Analogie zu den Pteraspiden von 
einer etwas verwischten Metamerie des Sinnesliniensystems zu sprechen (Vel. 
auch lig. 5 und 6). 

>. Eine Reihe verschieden weit vorgeschrittener ontogenetischer Entwick- 
lungsstadien des Panzers, die vom Verfasser beobachtet wurden, bietet weitere 
Anhaltspunkte. Das Wachstum des Tremataspidenpanzers erfolgt durch basal- 
wartige Apposition. Als Erstanlage wird die Oberschicht und das _,,Schleim- 
kanalsystem* gebildet (vgl. Fig. 7). Gleichzeitig mit der allerobersten schmelz- 


Ahnlichen Schicht des Panzers wird der obere Teil der Innenwande der 


mammullata, Horizontalschliff durch die Mittelschicht des Dorsal- 

strukturveranderungen infolge der Bildung sekundarer symmetrischer Sin- 

Pf, langgestrecktes ,,Polygonalfeld“, das durch die Verschmelzung nor- 

nalfelder entstanden ist; P, Poren; Pf, Polygonalfelder; S/, ,,Schleim- 

sekundare Sinneskanale; subepV, Kanale des Blutgefasssystems (teil- 
weise eingezeichnet) ; 12 X., 
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DAS SINNESLINIENSYSTEM DER TREMATASPIDEN 


Fig. 7. Tremataspis mammillata. Ein 
fruhes Entwicklungsstadium des Tre- 
mataspidenpanzers, Vertikalschliff. D, 
in Bildung begriffene Dentinkanalchen; 
Sl, ,,Schleimkanal; Spl,  perforierte 
Membrane. 95 X. 


,ochleimkanale“ angelegt; es entstehen also die Partien, die zum eigentlichen 
Sinneskanalsystem gehoren, wahrend der untere, durch die perforierte Mem- 
brane abgetrennte und zum Blutgefasssystem gehorende Teil sich erst im 
Anschluss daran bildet. Es ist daher sehr wahrscheinlich, dass diese obere, 
etwas hellere und durchsichtige Innenwand der _ ,,Schleimkanale‘ ebenso wie 
die oberste Schicht des Panzers epidermaler Herkunft ist, wahrend das ubrige 
Gewebe der Mittelschicht ja ein Produkt des Coriums ist. 


- 
‘ 
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Fig. 8. Der Vergleich der pri- 
maren und sekundaren Sin- 
nesliniensysteme von Trema- 
taspis mammullata mit dem ’ 
Sinnesliniensystem eines Pte- 
raspiden. A — Dorsalschild, 
B — Ventralschild von Tre- 
mataspis mammillata, C — 
Dorsalschild, D — Ventral- 
schild von Pteraspis primaeva, 
C und D nach KIAeEr, 
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DISKUSSION DER BEOBACHTUNGSRESULTATE 
(DAS KOSMINPROBLEM),. 


Als wichtigstes Ergebnis der oben in kurzester Form wiedergegebenen 
Beobachtungen scheint fest zu stehen, dass die Sinneslinien der Tremataspiden 
lokale Sonderungen eines diffusen, uber die ganze Korperoberflache verteilten 
Systemes sind, und sich durch Riickbildung der Oberschicht des Panzers uber 

diffus ausgebreiteten Kanalen bilden. Der entgegengesetzte Standpunkt 
wird vertreten durch die Auffassung, dass der phylogenetisch primitivste 
Zustand bei den Agnathen und Fischen streng lokalisierte und abgegrenzte 
Sinnesliniensysteme sind (vgl. hierzu BorKE 1934, S. 848 [7], STENSIO 1927, 
S. 238, 308, 355 [5], SAVE-SODERBERGH 1941 [6]. 

Nimmt man fiir das Sinnesliniensystem der Tremataspiden eine Funktion 

isibler Art an, so muss wohl auch das diffuse System ein Hautsinnesorgan 
irgendwelcher Art dargestellt haben. Das Vorhandensein eines diffusen 
Schleimkanalnetzes ist nun bekanntlich nicht alleine auf die Tremataspiden 
beschrankt. Es erscheint bei noch anderen Gruppen der Agnathi und T*ische 
(Heterostraci, Crossopterygii, Dipnoi) in mannigfaltigen Variationen. Tur 
iese eigenartige Struktur der obersten Panzerschicht ist auch die Benennung 
,.Xosmin‘** angewandt worden; jedoch so unkonsequent, dass von thr besser 
} 


ywesehen wird. Das Vorhandensein eines tiberaus ahnlich beschaffenen, kompli- 
ierten Gefasssystems bei so weit voneinander liegenden Gruppen der Agnathi 
ische muss seiner physiologischen Funktion nach ratselhaft erscheinen. 
Verfasser wurden Vertreter aller dieser Gruppen untersucht, mit 
erselben Fragestellung wie bei den Tremataspiden — also dem Verhaltnis des 
earen Sinnesliniensystems zu dem diffusen ,.muk6sen-“ oder ,,Schleimkanal- 
Die Resultate sollen hier nur ganz zusammengefasst und im Allge- 

werden, da der Verfasser seit d. J. 1944 keine Gelegenheit 

neue Literatur uber dieses Gebiet kennen zu lernen. Von 

Isteostraci wurden ausser Tremataspis noch andere in der A,-Stufe Osels 
.uftretende Formen untersucht, wie Dartmuthia, Oeselaspis und verschiedene 


ephalaspiden. Hier sollen lediglich Dartmuthia und Ocselaspis erwahnt 


werden. Darimuthia gemmifera ist eine ausgesprochene Zwischenform, die in 


uncherlei Hinsicht (Bau der Radiarkanale und Ringsinusse, Form der 


‘then Felder usw) Beziehungen zu den Cephalaspiden aufweist, in 
Strukturzugen des Panzers und dem ausseren Habitus jedoch an die 
nataspiden erinnert. Dartmuthia kan direkt von Tremataspis mammillata 
itet werden, und besitzt mit dieser Form einen vollkommen gleichen Bau 


und Sinneskanale sowohl der ausseren Anordnung wie dem 


inneren Bau nach (Vorhandensein der perforierten Membrane!). Oeselaspis 


muss den histologischen Befunden zu Folge in die unmittelbare Nahe der 
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DAS SINNESLINIENSYSTEM DER TREMATASPIDEN 


Fig. 9. Osteolepis sp. Schliff von 
einem Kopfknochen vertikaler 
Richtung, die Anordnung pri- 
maren und sekundaren Porenkanale 
sowie ihr Verhaltnis zu den Sinnes- 
kanalen zeigend. b — Ausschnitt in 
starkerer Vergrosserung. Pk, Poren- 
kanale; Skni, Sinneskanal; sPk, se- 
kundar erweiterte Porenkanale. 
6X; b—I0 X. 


Cephalaspiden gestellt werden. Bei dieser Form kann eine deutliche Sonderung 
des Sinnesliniensystems vom diffusen ,,Schleimkanalsystem‘ beobachtet werden. 
Der Bau des Letzteren weicht auch ganz von demjenigen bei Tremataspis und 
Dartmuthia ab. Die perforierte Membrane fehlt und wird wahrscheinlich durch 
eine durchlocherte Knochenlage an den Einmiindungsstellen der Blutgefasse 
ersetzt. 

3ei den Heterostraci, sowohl bei den Pteraspiden als auch Psammosteiden, 
sind die Sinneskanale von den ,,Schleimkanalen“ (hier ihrer Gestalt zufolge 
richtiger als ,,Schleimrinnen“ bezeichnet) raumlich vollkommen getrennt und 


in die Tiefe verlagert. Dasselbe gilt auch fiir die Crossopterygii, von denen 


Vertreter der Osteolepiden und Porolepis untersucht wurden. Bei mitteldevo- 
nischen Osteolepiden Estlands wurden besondere Organgruppen entdeckt, die 
sich aus dem allgemeinen ,,Schleimkanalsystem‘‘ herausdifferenzieren. Ihre 
Lage, ebenso wie die der weiten Sinneskanidle, ist von Fig. 9 ersichtlich. 

Auch bei den Dipnoi ist die raumliche Trennung der Sinnes- und ,,Schleim- 
kanale“ eine vollkommene. 

Wir sehen also, dass von allen Agnathen und Fischen, die ein uber die ganze 
Korperoberflache ausgebreitetes diffuses ,,Schleimkanalnetz besitzen, nur bei 
den Tremataspiden und den nahe verwandten Dartmuthiiden direkte Bezie- 
hungen dieses Systems zu den Sinneslinien feststellbar sind. Wenn die man- 
nigfaltig ausgebildeten ,,Schleimkanalnetze’ der verschiedenen Vertebraten- 
gruppen auf ein gemeinsames Ursprungssystem zuruckgehen sollten, so konnte 
dieses diffuse System den Ausgangspunkt einer Entwicklung bilden, im Ver- 
laufe welcher sich die linearen Sinnesliniensysteme durch Versenkung in eine 
tiefere, geschutzte Lag bildeten. Oder verliefen hier unabhangig voneinander 
abweichende [:ntwicklungsvorgange ? Wesentliche Beitrage zu diesem Problem 
konnen gerade durch eine erweiterte Kenntnis der Vertebratenfaunen der 
K,—K, Stufen Osels erwartet werden. Diese Faunen enthalten viele, noch 
uberhaupt nicht beschriebene Formen in einer wunderbaren Erhaltung des 
Materials. 


39 
“4 
9 
> 


E. BOLAU 


LITERATUR. 


1934. Sinnesorgane: Allgemeines uber Beziehungen zu Wirbellosen und zur 


die Einteilung der Sinnesorgane, In: Handbuch d. vergl. Anat. d. 


lie Verbreitung der Ostrakodermen in der Kaarma-Stufe (K1) 
sophoreta Tartuensia. Acta Universitati Tartuensi (Dorpatensi) 
Dec. MCMXIX etc. Stockholm, 1949. 


istologische Studien am Aussenskelett fossiler Agnathen und Fische. 


The Downtonian and Devonian Vertebrates of Spitsbergen. Part. 
Svalbard og Nordishavet, Nr. 12. 
the dermal Bones of the head in Osteolepis 
1e interpretation of the lateral line system in certain primitive 
Zoologiska bidrag fran Uppsala. Bd. 20. 
G., 1946. On the genus Dartmuthia PATTEN, with special reference to the 


ire of the exoskeletor e0l, Inst. Univ. Uppsala, Vol. XXXI. 


ructure th) 


: 
Wirbeltiere. Bd II, 2. 
d b 19049 Uber 
; von Saareinaa (Osel!l), A 
ad aiem esuitutionis 
Pa ntographica, 83, Abt, A. 
rson, G, M., 1938. The Tremataspidae. Parts I and IJ. Amer. Journ. of Science, 
Vol. XXX\ 
: 
i, Family 
v 
_ 
rtehratys 
m ] t 
- 
; 


THE DEVELOPMENT OF THE 
CHONDROCRANIUM OF ASCAPAUS 
IRUEISTEJNEGER WITH SPECIAL 
REFERENCE TO THE RELATION 
OF THE PALATOQUADRATETO THE 

NEUROCRANIUM 
J. A. VANEEDEN 


(Senior Lecturer in Zoology, Potchefstroom University 


for C. H. E., Potchefstroom, South Africa.) 


(With 4o text-figures.) 


The publication of this paper was, in part, made possible by a grant 
of the Council for Scientific and Industrial Research. 


PART 1. 


I. Introduction 

II. Material and T echnique 
Acknowledgements 
IV. Description of seven development: ul ‘sti wes cartilage only 


A. Stage I. 

The anterior end of the neurocranium and the suprarostral system 
The nasal sac and the preoral buccal cavity 

The floor of the neurocranium 

The side-wall of the neurocranium and its foramina 

The auditory capsule 

The cartilaginous cranial roof 

The palatoquadrate complex 

Stage 2. 

The anterior end of the neurocranium and the suprarostral system 
The nasal sac and the preoral buccal cavity 

The floor of the neurocranium 

The side-wall of the neurocranium and its foramina 

The auditory capsule 

The cartilaginous cranial roof 

The palatoquadrate complex 

Stage 3. 

The anterior end of the neurocranium and the nem system 
The floor of the neurocranium 

The side-wall of the neurocranium and its fore umina 

The auditory capsule 

The cartilaginous cranial roof 

The palatoquadrate complex 
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D. Stage 4. 
The anterior end of the neurocranium and the suprarostral system 
2. The tloor of ‘the neurocramigdm 
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side-wall of the neurocranium and its foramina 
auditory capsule 

rtilaginous cranial roof 
ilatoquadrate complex 


1d and the floor of the neurocranium 
he side-wall of the neurocranium and its foramina 
litory capsule 
tilaginous cranial roof 
palatoquadrate complex 


he anterior end and the tloor of the neurocranium 

he side-wall of the neurocranium and its foramina 
auditory capsule or 
-artilaginous cranial roof 


yjuadrate complex 


‘he anterior end and the floor of the neurocranium 
Che side-wall of the neurocranium and its foramina 
he auditory capsule 
‘he cartilaginous cranial roof 
of the development of the chondrocranium ies cect 
rison of the skulls of the < of Ascaphus and of Letopelma 
-description of the suspensorial region of skulls of 


(tadpole) is really primitive 


ocessus oticus 


us basitrabecularis 


yasalis 


ime 
of abbreviations used in the 


INTRODUCTION. 


andibular and hyoid arches to the neurocranium 

r problems arising from a study of the cranial 

‘s, being intimately connected with the theories concerning 

ylogeny of this subphylum. pe BEER (1937) and Pusey (1938) are at 


ault when they state that the term ‘“‘suspensorium”, used in connexion with 


lations, was first introduced by HuxLery (1858) for, although the 


might not have been aware of it, StTannius (1854) had already 
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‘ 


used the same term to indicate ‘‘einen besonderen Skelettheil” whereby the 
jaws, together with the hyoid arch, are joined to the skull in fishes. HuxLry 
(op. cit.) hat first used it in connexion with the frog, but could not have been 
of opinion that, in the tadpole, it was represented by the processus oticus, as 
Pusey (op. cit.) contends, for it is clear, both from his description and from 
his illustration, that he failed to find the latter process. What he found instead 
was the processus ascendens. 

The initial tangle of confusion regarding the identity and nomenclature 
of the different processes participating in the jaw suspension of the Amphibia, 
and especially of the Anura, reviewed by DE BEER (op. cit.) and Pusry 
(op. cit.), was only temporarily cleared up in Gaupp’s (1893) monograph on 
the cranial development of Rana for, as a result of subsequent researches, 
especially those of DE BEER (1926), EDGEWORTH (1925), KRUIJTZER (1931), 
SAVE—SODERBERGH (1936), REINBACH (1939), WATSON (1940), JARVIK 
(1942) and Pusey (1938, 1943), fresh doubt has been cast on problems which 
were once thought to have been solved. In fact, except for the pars articularis 
palatoquadrati there is,at present, no single process of the anuran palatoquadrate 
concerning the morphology of which there is general agreement. Even the term 
palatoquadrate is subject to confusion since it is often referred to as pterygo- 
quadrate or even as quadrate. To the problems enumerated by Pusey (1938, 
p. 482) may therefore be added: 

1. What part of the adult subocular bar represents the processus pterygoideus ? 
2. What is the origin and nature of the crista parotica, KRUIJTZER’s processus 
dorsalis of the processus basalis, the cartilage ledge of the auditory cap- 
sule in some frogs and the bony bridge across the foramen prooticum in 

Ascaphus? 

Should pre Beer’s criterion for the palatobasal articulation be applied to 

the Anura? 

Paleontology, unfortunately, cannot be expected to supply a decisive answer 
to most of these questions and has, in fact, thusfar only assisted in further 
complicating the issue in connextion with some of them. We are, therefore, 
forced to concentrate on the alleged primitive Anura of which, admittedly, 
Ascaphus is one of the most promising. For general information on this frog 
which was first captured by Mr. CLoup Rutter in 1897 and described by 
Dr. STEJNEGER in 1899, the reader is referred to the literature quoted by 
DE VILLIERS (1934). To these may be added GAIGE (1920), STORER (1925), 
Nose and Putnam (1931) and Gorpon (1939). For a long time Ascaphus 
and Leiopelma have been placed in the family Leiopelmidae (original spelling 
of Firzrncer 1861, revived and extended to the family name by TURBOTT 1942). 
The strict application of the taxonomic rules, however, invalidates this term 
and gives priority to Ascaphidae, the family name instituted by I*EJERVARY 
in 1923. 
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Different aspects of the adult skull of Ascaphus have been examined by 


pe ViILLrers (1934) and WaGNER (1934a). Pusey (1943) published a paper 
on the chondrocranium, jaws etc., of a partly grown larva. The latter paper, 
and the one by the same author on the jaw metamorphosis of Rana (1938) 
are two of the most stimulating works on anuran craniology published in re- 


cent years. | hope to be able to use the material prepared for the present 


research for the future examination of other aspects of the skull. 


Il. MATERIAL AND TECHNIQUE. 


Most of the specimens of Ascaphus used for this investigation were collected 
from Mt. Rose, Big Log Ranger Station, McTaggert Creek, Laundry Creek, 
Antter Creek and Mt. Steel in Washington State, and from Wilametta and 

& 


Portland, Oregon. In a few instances the details of the locality were not 


lor the present paper 2I specimens were used: adults (one of which 
3 


was prepared and described by Prof. pe VILLIERS in 1934), 3 juveniles and 


24 larvae in different stages of development (6 of these were prepared by 
Miss C. M. pe Vos). The series was fairly complete but unfortunately the 
very young stages were unobtainable. 

The borax-carmine-azan staining method was adopted in each case although 
it was less successful for the very young tadpoles. With few exceptions all 
the specimens were sectioned transversely, and in respect of the staining 


method, subsequent making of graphic reconstructions and of a wax plate 


model, 15 u proved to be a satisfactory thickness for the sections. 
The method of making graphic reconstructions of microtomised skulls has 


already been practised in this Institute for several years and has been elaborated 


+ 


almost to perfection. lor successful reconstructions the importance of the per- 


fect orientation of the object before sectioning cannot be too much stressed. 


It was gradually felt, however, that for reconstructions other than from the 
dorsal and ventral aspects, the possession of a fixed unit which could serve 


as a guide as to the curvature of the longitudinal axis of the specimen was an 


absolute necessity. This problem was satisfactorily solved by a modification 
of the technique employed by ScHepers (1938). An entire rabbits liver is 
fixed in 10 “ formol (25 ml 40 % formaldehyde solution in 75 ml water) 
for 12—24 hours. As soon as the liver has become sufficiently hardened, but 
before fixation is completed, it is cut up into rectangular slabs measuring 


T ” T 


approximately 1” 44” 1%". Portions containing bloodvessels should be 
rejected. When fixation is completed the slabs are once more trimmed as 
neatly as possible with a sharp scalpel. The final measurements should be 


decided by the size of the objected to be embedded. The width should, how- 
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ever, be kept as small as possible in order not to limit the number of rows 
of sections that can be mounted on each slide unnegessarily. 

The liver slabs are now dehydrated as follows: 50 %, 70 % and 90 % alco- 
hol—'% hour each; 100 % alcohol—2 hours. The 100 % alcohol should be 
renewed once. Next they are cleared in methyl benzoate celloidin for 12 hours, 
the clearing agent being renewed every 4 hours, as advised by Romers (1948). 
After being passed through benzol and benzol saturated with paraffin at 
30° C for 20 to 30 min each, they are ready for impregnation with paraffin. 
It is preferable to prepare fresh liver each time. The process of dehydrating 
can then be started in such a way that the liver and the skull reach the em- 
bedding stage simultaneously. 

When the specimen to be microtomized is ready, it is, together with the 
liver, introduced into the paraffin to be used for embedding. For good results 
vacuum embedding is essential. During embedding care should be taken that 
the tip of the liver projects towards the front surface of the block as far as 
possible so that it should be easily visible when the block is fixed on the 
microtome. It should also project well beyond the tip of the snout since the 
subsequent treatment deforms this portion of the slab. The block is now fixed 
on the microtome, liver uppermost, and the ventral surface planed away until 
the liver is about 1 mm thick. The planed surface is now coated with a thin 
film of paraffin to ensure the formation of ribbons during sectioning. For 
this purpose paraffin, having the same melting point as that used for embed- 
ding, is heated to about 78° C. With the aid of a pair of forceps the block is 
introduced into the molten paraffin just long enough for the surface paraffin 
of the block to melt. 10 seconds proved sufficient. It is then removed and 
cooled by very gently breathing upon it, the process being repeated until the 
coating is thick enough. Finally it is sectioned and the precautions to be taken 
when mounting, as described by Scuerers, should be strictly adhered to. Since 
the upper surface of the liver slab is not planed with the microtome, the 
rugosity left by the trimming with the scalpel makes the paraffin adhere to it 
much better and reduces its liability to drift away when the sections are 
mounted on the slides. 

As a baseline the liver slab proved invaluable for making the graphic re- 
constructions and also for making the contour reconstructions by the piling 
method devised by Pusey (1939). In addition to the reconstructions a wax 
plate model was made of stage 2 which contributed much towards the correct 
understanding of the general topography of the skull. 

lor purposes of comparison I had access to the prepared material of 
Leiopelma (WAGNER 1934b), Bombina (SLABBERT 1945), Alytes (MAREE 
1945) and Discoglossus (vAN ZyL, in press), and in order to facilitate the 
discussion, very short redescriptions of the temporal regions of these frogs are 


given in the present paper. Furthermore the skulls of several tadpoles of 
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; purcelli were dissected out and examined macroscopically. A 
wax plate osu of the cnagroce anium of this species, prepared by Mr. C. M. 


VAN DER \WESTHUIZEN who is studying its cranial development, proved most 
instructive tor comparative purposes. 

The developmental stage of Ascaphus described by PusEy (1943) cor- 
responds exactly with my own most juvenile specimen. In order, therefore, 
to avoid unnecessary duplication of facts, | have, in my first stages, adopted 
his scheme of headings and in each case given a summary of his description. 

In the present paper a description of the osteocranium, nasal capsule, lower 
jaw and hyoid apparatus has been omitted. Only the palatoquadrate complex 
has been examined carefully, and the other aspects of the chondrocranium are 
dealt with only in so far as they are associated with this complex or feature 


in the revaluation of the degree of primitiveness of the tadpole skull. 
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IV. DESCRIPTION OF SEVEN DEVELOPMENTAL STAGES. 


A. STAGE 1. (Figures 1 to 12.) 


I-xternal appearance: Total length 27.5 mm; length from tip of snout to 
vent 9.6 mm. 

In size as well as in the degree of development reached this stage is practi- 
cally similar to the specimen described by PusEy (1943) and for each region 
of the skull the results of my own investigations are prefaced by a summary 
of his findings. 


. The anterior end of the neurocranium and the suprarostral system. 


The anterior face of the floor of the cranial cavity, which opens freely for- 
wards, has a shallow pit. The latter ends blindly behind and its floor appears 
as a cartilaginous bridge between the dorsal flanges of the median part of 
the suprarostral system. Laterally opening olfactory foramina pierce the side- 
walls of the cranial cavity very near to their anterior ends. In contrast to 
Rana and the modern-type frogs there is no exaggerated anterior development 
of the trabecular horns, the equivalents of the latter appearing as vertically 
and ventrally directed flanges of the anterior trabecular region, below and 
largely behind the olfactory foramina. 

The suprarostrals consist of : (a) A ventrally facing flat, median plate fused 
to the trabecular flanges above it by means of similarly named structures rising 
from its dorsal surface. A tunnel housing a preoral buccal cavity is thus en- 
closed between this suprarostral element and the cranial floor. The typical 
V-shaped notch, cut out of its anterior edge, is continued backwards as a 
dorsal groove to this suprarostral plate, and the groove is considered as prob- 
ably indicating the paired origin of the plate. (b) A pair of separate lateral 
wings articulating with the lateral edges of the median plate and loosely held 
to it and to the epithelial roof of the sucker in front by ligaments. Attention 
is drawn to dense mesenchyme, of the nature of procartilage, mutually sheathing 
both portions of the suprarostral system behind, a very deep epithelium under- 
lying this mesenchyme and the distribution of the horny tooth-blades of the 
upper lip. 

Two muscles, indicated as the m. levator mandibulae posterior profundus 
and the m. levator mandibulae posterior superficialis are described. The former, 
mainly inserted on the lower jaw, has its most medial fibres attached to the 
roof of a submandibular diverticulum of the mouth cavity, by means of a 
tendon which also connects its most antero-dorsal fibres partly with the dorso- 
medial edge of the suprarostral wing and partly with a septum of a lymph 
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space of the snout. Similarly a diffuse tendon vaguely connects the second 
muscle with the suprarostral wing and the lymph space septum. Doupt is ex- 
pressed as to the effective use of these muscles owing to the weakness of the 
tendons, but a possible mechanism of the larval jaw movement is nevertheless 
indicated. The rigidness of the suprarostral plate and the absence of muscular 
insertions on it are also recorded. 

In connexion with the larval upper jaw system two ligaments are described. 
A ‘trabecular quadrate ligament’ (ligamentum cornu-quadratum laterale of this 
aper) 1s found to connect the antero-lateral tip of the palatoquadrate with the 


postero-lateral tip of the suprarostral wing. By comparing the relations of this 
] 


ligament in Ascaphus with those found in Rana, Discoglossus and Pelobates, 


Discoglossus is found, in this respect, to be anatomically intermediate between 


Ascaphus and Kana. 

Stretching from the lower edge of the pterygoid process (comissura qua- 
drato-cranialis anterior of author) to the line of fusion of the trabecular flange 
to that of the median suprarostral plate, the second or ligamentum quadrato- 
ethmoidale (ligamentum cornu-quadratum mediale of this paper) bounds the 
internal nostril ventrally. A comparison between the forms mentioned above 
suggests a probable homology between the trabecular flange of Ascaphus and 


the special ventral flange to which the ligament is attached in Discoglossus. 
Own investigations. 


‘rom Pusey’s description of this region, his figures representing transverse 
sections of it and from his reconstructions, a very clear and correct picture 
is obtained ofits arrangement, which lacks very little, if any, important detail. 

In sagittal sections the median suprarostral plate (med.sup.ros.) is slightly 
tilted so that it forms roughly an angle of about 45° with the cranial floor. 
The entire ventral surface of this median plate is connected to the epithelial 
roof of the sucker by means of fibres which are inserted on the perichondral 
connective tissue of the suprarostral above and on the basal membrane of the 
epithelium below. Along the antero-ventral edge of the plate these fibres are 
condensed into a transverse ligament which passes, without interruption, over 
onto the lateral wing. Slightly more rostrally it connects the antero-ventral 
ed f both structures to the epithelium mentioned. 

agittal sections the mesenchyme sheath (subros.tis.) of the suprarostrals 
appears as a roughly triangular cap of the postero-ventral edge, chiefly of 
the median suprarostral plate which supports the upper lip. The cells for- 
ming this tissue are more or less oval with large nuclei. They are fairly 
densely packed and interwoven with strands of connective tissue. Where this 
mass abuts against the cartilage, its cells are less densely packed and the peri- 
n of the cartilage is very thin. Maintaining this relation to the median 


tissue stretches over the entire width of the latter up to its 
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Fig. 1. Stage 1. Sagittal section through the carotid foramina. 


junction to the lateral wing where it forms the connecting tissue between the 
two structures. 

The medial surfaces of the trabecular flanges anteriorly to the preoral tun- 
nel ( preor.tun.) are, to a great extent, devoid of a well-marked perichondrium 
which is entirely absent in some places. This also applies to the walls of the 
subcranial pit (subcr.pit.) and the dorsal surfaces of the suprarostral carti- 
lages. That part of the cranial floor roofing the subcranial pit is very thin 
and weakly chondrified. It does not reach forwards beyond the olfactory 


foramina. 


2. The nasal sac and the preoral buccal cavity. 


The nasal sac is found, at this stage, to be simple and undivided, lying lar- 
gely behind the foramen olfactorium, and tapering behind into a membranous 
posterior narial tube. By means of a valvular opening the latter communicates 
with the preoral buccal cavity through a notch behind the trabecular horn. 
The external nostril opens into it by intervention of a projecting funnel. 
It is partly roofed in by a ledge from the side-wall and is supported below 
on a similar ledge from the region of fusion of the trabecular horn to the 
suprarostral flange. Each side-wall of the preoral buccal cavity is thickened 
into a longitudinal band of deep, ciliated epithelium, which is supplied by a 
branch of the n. olfactorius and which may play a part in the method of feeding 


described by NoBLeE (1927). No additional ciliary mechanism could be traced. 
Own investigations. 


The cavum cranii is roofed by a strongly pigmented membrane, produced 
laterally, into a roof both for the nasal sac in front and the larval jaw muscles 
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behind. In the latter region it is figured by Pusey as a “membranous tempo- 
ral roof” (Pl. 7, fig. 4). The eye is placed dorsally to the posterior portion 
of the nasal sac, latero-dorsally to the posterior narial tube and medio-dorsally 
to the anterior portion of the membranous temporal roof. The preoral buccal 
cavity traverses the entire preoral tunnel. In transverse section it has a more 
ss constant shape, being roughly rectangular. The corners of the rectangle 
drawn out into short blind tubes representing a dorso-laterally and 
ro-laterally projecting longitudinal prolongation of the cavity on each 
The posterior narial tubes open into the dorso-lateral prolongations, and 
lateral diverticula described by Pusey open into the ventro-lateral ones. 
On either side between the prolongations the ciliated epithelial band (cil. preor. 
stretches from where the posterior narial tube joins this preoral cavity 
ular opening mentioned up to the mouth opening. 
Ithough Pusey could not find any traces of a ciliary mechanism save these 


nds, my own sections show the entire nasal sac to be lined by squamous 


epithelium right up to its transition into the simple posterior narial 
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wall of the nasal sac, however, as well as the posterior narial 
by an almost stratified epithelium. Obviously these cilia are re- 
setting up the feeding current through the nostrils, described by 
referred to by Pusry. Nopve’s observation is further 
presence of food material in both the nasal sacs and the 

‘of some of my microtomized specimens. 
sections create the impression of the presence of a 
lly compressed lateral diverticulum of the preoral buccal cavity on 
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ily described as such by Pusey), sagittal sections reveal 


be nothing but a transversely placed oral groove formed 
upper and lower lips. The posterior free edge of its floor 
lip. The groove projects antero-dorsally, and medially 
terior tip of MEeEcKEL’s cartilage dorsally to it from ithe 
suprarostral system lying ventrally to it. It does not reach 
of the sucker. The roof of this groove is lined by sucker 
rior-most of the postoral horny tooth-blades, wher« 

much lower epithelium. Medially the most medial 

yr mandibulae posterior profundus PUSEyY ) 

groove. rom this fact as well as from the 

seems likely that this muscle may play some 

toot-blades. The epithelial roof of the 

verse folds on which the tooth-blades are 

figure 1 with their cutting edges facing 


fig. 9.) The rasping action apparently con- 
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3. The floor of the neurocranium. 


The cranial floor is pierced by the two typical carotid foramina, and a slight 
pituitary fossa is indicated. Behind the latter the thickened cartilage entirely 
encases the cranial portion of the notochord except for its tip and occipital 
portion, neither of which is covered by cartilage ventrally. The rest of the 
cranial floor is dealt with elsewhere. 


Own imvestigations. 


PuseEy’s observations on this region are entirely confirmed by my own, 
and figure 1 illustrates practically all the features recorded. The notochord 
reaches almost to the posterior end of the infundibulum and shows two regions 
of degeneration, one at its tip and the other just short of the posterior border 
of the planum basale. The degeneration is not so far advanced in the latter 
region as in the former. 

The foramen caroticum primarium lies in the same transverse plane as the 
posterior edge of the pila antotica. 

The cranial floor of another larva, corresponding in measurements to ihe one 
described above, but probably slightly younger, merits special attention. In 
the region posterior to the foramen endolymphaticum the cranial floor appears 
to have been formed by the fusion of two distinct cartilaginous plates, one 
lying dorsally to the other. Laterally the ventral plate merges imperceptibly 
into the floor of the auditory capsule but the dorsal plate, formed by more 


juvenile cartilage, only reaches as far as the medial walls of the capsules. In 


passing forwards from behind the dorsal plate gradually becomes thicker above 
the notochord until, in the region of the foramen endolymphaticum, it entirely 
replaces the ventral plate round the notochord. Beyond the latter foramen the 
lateral boundary between the two plates remains distinct on the left side only. 
It gradually shifts more laterad until the dorsal plate forms the entire cranial 
floor. In this way it is continued forwards and can be seen to form the medial 
borders of the prootic and carotid foramina. Although the sharp line of junc- 
tion of this cartilage to the rest gradually becomes more indistinct in front of 
the foramen prooticum, the juvenile cartilage can nevertheless be traced with 
certainty up to the foramen opticum. 

This condition probably indicates the basicranial fenestra, or part of it, 
which must have been closed up by independent chondrification in the mem 
brane covering it ventrally. 

In the specimen in question the crista occipitalis lateralis has not yet chondri- 
fied. 
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A. vAN EEDEN 
4. The side-wall of the neurocranium and its foramina. 


Both side-walls are found to be complete without any membranous tracts. 
They are very heavily built for so young a larva. The optic and oculomotor 
foramina open into a common external pit and are separated by a lightly built 
pila metoptica. The n. trochlearis emerges through the foramen oculomoto- 


rium, part of which, together with the pila antotica and parts of the foramen 


prooticum, are hidden in lateral view by a broad processus ascendens. The 


iled description of the foramen prooticum will be referred to later. 


tigations 
arrangement of the olfactory, optic and oculomotor foramina is in 
with Pusry’s description and figures. With respect, however, to the 
the n. trochlearis I cannot confirm his observations. On the contrary, 
in none of my specimens does this nerve pierce the side-wall at all. Instead 
it passes out over the dorsal edge of the latter, and antero-laterally to the 
foramen opticum. Tracing its course in this region is rendered very difficult 
amount of pigment present in the membranous cranial roof which, 

ly stated, spreads laterally beyond the side-wall. 
Pusey correctly describes the relations of the processus ascendens ( pr.asc. ) 
foramen oculomotorium and the complex of trigeminal foramina, as well 
is its exceptionally dorsal fusion to the side-wall above the pila antotica. I can, 
however, only partly agree with his interpretation of the relations of the fora- 
n prooticum. Since these relations are of great importance to the sub- 
nt discussion, | wish to quote his description in full, omitting references 
The trigeminal foramen is an oval, vertically lengthened opening 
between the auditory capsule and the side-wall of the skull. Its anterior outlet 
is partially obstructed by two sheets of cartilage which lie across it from the 
palatoquadrate to the cranial wall. These are the ascending process above and 
mmiussura quadrato-cranialis anterior below, both of which, of course, 
» the palatoquadrate. Thus there are three exits from the trigeminal 
(1) an upper outlet between the capsule, the orbital cartilage, and 
- posterior edge of the ascending process; nerves V 2 and 3 and a lateral line 
branch of VII pass through this opening; (2) an anterior outlet into a tunnel 
ascending process above, the pila antotica medially and the com- 
and palatoquadrate ventrally and laterally ; The tunnel trans- 
s the profundus branch of the trigeminal nerve and a branch of the lateral 


rer, ventrally-facing, pearshaped opening, seen in figure 

larkly shaded Space on the left side, bounded behind by the 
of the basitrabecular process, medially by the trabecula, antero- 
the posterior edge of the commissure, and laterally by the ‘poste- 


basal process’. This last opening is the only representative, in the larval 
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Fig. 2 (X +16.6). Stage 1. Graphic reconstruction of the skull. Lateral aspect. 


skull of ASCAPHUS, of the huge subocular vacuity of the larval skulls of 
all other frogs. It is important for the subsequent discussion (p. 154) to realise 
that no structures, such as nerves or bloodvessels, pass upwards or downwards 
through this small vacuity and that, therefore, the posterior edge of the com- 
missure could have been directly applied to the whole length of the basitrabe- 
cular process, in the earlier ancestor, without affecting any other anatomical 
relationships. In such a case the vacuity would have been entirely absent” 
(op.cit., p.p. 113 and 114). 

In addition to the r. profundus of V and the branch of the v. capitis lateralis 
the “‘profundus tunnel” (Pusey) also transmits the n. abducens (n. VI, figs. 
g & 10). The latter is closely applied, to the r. profundus V anteriorly, and 
posteriorly to the vein, but it is nevertheless easily picked out. A n. abducens 
so distinct from the r. profundus and ganglion of V has not previously been 
encountered in Anura and in this, as in other features to be mentioned later, 
Ascaphus approaches the urodelan condition. 

As Pusey correctly observed, the dorsal outlet (dors.for.trig.) transmits 
the r. maxillaris and r. mandibularis of V and a lateral line branch of VII 
(lat.br.V1I) which, according to StrronG (1895), is a composite nerve in Kana, 
representing the r. opthalmicus superficialis VII and the r. buccalis VII. The 
ganglion (par.gl./11) associated with this branch must naturally be a portion 
of the ganglion geniculatum displaced into this position. 

I cannot, however, accept Pusry’s homologization of the structures bounding 
the ventral trigeminal outlet, and the postulated homology of this outlet with 
the subocular vacuity of other frog larvae. That the darkly shaded space 
referred to does not coincide with the ventral outlet at all, is readily proved 
by my own figure 4A. This figure represents a section in front of the so- 


called “basitrabecular” and ‘‘posterior basal’ processes. It would therefore pass 
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through the darkly shaded space of Pusey yet it shows no ventral outlet to 
the trigeminal nerve. In fact the ventral outlet lies just in front of it and is, 
according to my own interpretation, delimited by the posterior edge of the 
commissura quadrato-cranialis anterior in front, the postero-lateral edge of 
the trabecula and the antero-lateral edge of the planum basale medially and 
posteriorly, and by the anterior tip of the auditory capsule or commissura 
praefacialis laterally. Moreover, two veins pass downwards through this outlet. 
They are the v. orbitonasalis (v.orb.nas), emerging posteriorly from the pro- 
fundus tunnel, and the cerebral branch (cer.br.) of the v. capitis lateralis. 
In view of its delimitation posteriorly by the planum basale, this outlet can- 
not, by definition, be considered homologous with the subocular vacuity. The 
shaded space of Pusey will be discussed elsewhere but it may be stated 
at this juncture that 1 cannot accept its homology with the subocular vacuity 
either. 


5. The auditory capsule. 


Pusey finds that the conditions obtaining in this region of the larval skull 
of Ascaphus support the interpretations put forward by himself in a rede- 
scription of the temporal region of the adult skull of Ascaphus in 1938. In this 
redescription he provisionally homologised the structure which DE VILLIERS 
(1934) had described as a “lateral cartilaginous ledge of the auditory capsule” 
with a true processus basitrabecularis. He therefore establishes the persistence 
in the larval skull of Ascaphus of a true processus basitrabecularis projecting 
laterally from the cranial base beyond the floor of the auditory capsule and 
in front of the r. palatinus VII. This process is complemented behind by a 
postpalatine commissure, and together these structures form the effective floor 
of the anterior part of the auditory capsule. Between this effective floor and 
the true floor, represented by a membranous sheet, the n. facialis passes late- 
rally and the r. hyomandibularis emerges through its own lateral foramen 
above the auditory ledge. In front of the hyomandibular foramen, and antero- 
laterally to the “posterior basal process” the processus basitrabecularis is fused 
to the cartilaginous wall and floor of the capsule above it. A prefacial comis- 

‘eis present replacing the antero-medial section of the capsular wall and 
separating the roots of the Vth and VIIth cranial nerves. Following DE VIL- 
LIERS (1934) Pusey also records the marked similarity of these characters 
to the conditions in Urodela. He very briefly describes the fenestra ovalis, 


absence of the operculum, plectrum and the foramina piercing the medial 


of the auditory capsule, drawing attention to the wellformed condition 


the latter for so young a larva. Except for the presence of two median 
acoustic foramina the perforation of the medial wall is quite normal. There 


is, however, present, a small extra-capsular cavity lying underneath the 
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posterior end of the auditory capsule into which it opens via a fenestra rotunda 


antero-laterally to the foramen perilymphaticum inferius. The latter opens into 


this cavity which has no exit to the exterior and is not part of the true cap- 


sular cavity. Finally a preoccipital arch is absent and the occipital arch is well- 


developed, being already fused to the side-wall of the auditory capsule in the 


usual way. 


Own investigations. 

‘i The foramina perforating the medial wall of the auditory capsule are exactly 

as described and figured by Pusey. The foramen acusticum anterius is only 
very slightly elevated above the general upper surface of the cranial floor. 

. The foramen endolymphaticum is sectioned in the same transverse plane as the 


anterior of the two median acoustic foramina which is less elevated than the 


posterior one. The exit of the r. acusticus posterior is rather unusual. The 


ganglion acusticum posterius fits closely into the angle between the medial 


wall of the auditory capsule and the cranial floor. From the posterior one of 


the two median acoustic foramina up to the foramen acusticum posterius the 


cranial floor is slightly elevated into a ridge, medially to the ganglion, so that 


the latter rests, as it were, in a shallow groove. The foramen acusticum poste- 


rius is slightly elevated above the cranial floor, and a transverse section through 


this foramen shows two cartilaginous stumps; a lateral one representing the 


ventral portion of the medial capsular wall and a medial one representing the 


ridge just described. The foramen is closed, behind the nerve, by the fusion 


of its dorsal border with the medial one of the two stumps, i.e. with the ridge. 


More posteriorly the lateral stump disappears completely. 


Two foramina associated with the perilymphatic system of the labyrinth 


cavity perforate the medial capsular wall. Both of these open into the auditory 


capsule and lie more medially than the foramen jugulare which has the 


appearance of a short tunnel (fig. 3 B). I do not agree with Pusey that the 


posterior of the two former foramina is homologous with the foramen peri- 


lymphaticum inferius of Rana; it more probably corresponds to the foramen 


perilymphaticum accessorium described by Gaupp (1893). 


The lagena of the membranous labyrinth reaches backwards as far as the 


last mentioned foramen where it rests in a shallow groove in the floor of the 


auditory capsule next to its medial wall. farther backwards the dorsal border 


of the fenestra ovalis is drawn out into a medially directed ridge which, at the 


level of the closure of the fenestra, fuses with the medial capsular wall where 


it joins the cranial floor, forming a roof to the groove referred to. Behind 


this level, therefore, the latter appears as a subcapsular cavity (subcaps. cav.) 


which ends blindly behind. It communicates with the labyrinth cavity in front, 


postero-laterally to the foramen perilymphaticum accessorium. The opening of 


this cavity into the labyrinth cavity, 1.e. the fenestra rotunda of Pusey, is 
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. Consecutive transverse sections through the posterior division of the 
auditory capsule. 


the only representative in Ascaphus of the foramen perilymphaticum inferius 
of Kana (see subsequent discussion). I agree with Pusey that the floor of 
the subcapsular cavity most likely represents a lateral extension of the planum 
fenestra ovalis faces laterad and reaches from the level of the fora- 
ticum posterius to that of the foramen perilymphaticum accessorium. 
ly pointed out by Pusey it is covered by a membrane of mesen- 
chymatous tissue. The cells constituting this membrane are clearly shown to 
arise from the bounding cartilage of the fenestra by a process of perichondral 
‘osion to be described in stage 3. Although it is not shown in my recon- 
ructions of this stage, the operculum has already started chondrifying in this 


at a point about equidistant from the dorsal and ventral borders 


septum of the lateral semicircular canal does not reach forwards or 
backwards beyond the borders of the fenestra. The septa of the other semi- 
ircular canals are also present in an almost fully formed condition. The septum 
interior semicircular canal reaches from just in front of the foramen 
anterius up to the foramen endolymphaticum, and that of the poste- 
nicircular canal reaches from the middle of the foramen perilymphaticum 
superius to the posterior border of the foramen perilymphaticum accessorium. 
The ducius fenestrae vestibuli does not yet traverse the fenestra ovalis. 
Although the floor of the auditory capsule is illustrated fairly completely 
several of Pusry’s figures, he did not describe it in detail. Since this 
structure is of considerable importance for the subsequent discussion, a more 
lescription will be given here. 


n the transverse sections immediately behind the ventral trigeminal outlet 


very low cartilaginous ridge (subot.ri., fig. 4) can be seen on the ventral 


surface of the floor of the auditory capsule. The v. capitis lateralis lies laterally 
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Fig. 4A, B. Stage 2. Consecutive transverse sections through the region .of the palatobasal 
bridge. 


IMM 


and the a. carotis interna medially to it. That part of the capsular floor medial 


to the ridge is thicker than the part lateral to it. This ridge proceeds backwards 


from a position medially to the anterior tip of the auditory capsule to one 


ventro-lateral to it and then abruptly expands into a stout cartilaginous ledge 


(larv.au.led.) which projects sideways beyond the lateral wall of the auditory 


capsule and extends backwards to the anterior border of the fenestra ovalis. 


lor the sake of convenience this ledge will in the different stages be referred 


to as the larval or the adult auditory ledge, as the case may be. A postero- 


medially directed process of the palatoquadrate body (‘‘posterior basal pro- 


cess” of Pusey) is fused to the antero-lateral edge of the ledge forming a 
palatobasal bridge (pal.bas.bri.). The ceratohyal is suspended from its postero- 


lateral edge by means of a ligament. 


Just behind the ventral trigeminal outlet the a. carotis interna gives off 


a lateral branch (a.orb., fig. 9) which runs ventrally across the subotic ridge 


(subot.ri.) closely applied to it, and proceeds in a rostro-caudal direction dor- 


sally across the palatobasal bridge. This may probably be the a.orbitalis (cf. 


SCHMALHAUSEN 1923, DE BEER 1926, O’DONOGHUE 1928). The r.palatinus VII 


pierces the larval auditory ledge at its apparent base of attachment to the 


auditory capsule, near to its anterior margin, and proceeds forwards medially 


to the subotic ridge and ventrally across the a. orbitalis. The body of the much 


elongated ganglion geniculatum apparently lies mostly inside the cartilaginous 


labyrinth cavity (fig. 4 B) and behind the foramen palatinum. It reaches from 
b g. 4 I 


the ganglion acusticum anterius, with which it is intimately associated, to the 


dorsal surface of the auditory ledge. Together with a few fibres of the 


r.hyomandibularis VII it is partly enclosed in a canal, the floor and side-walls 


of which are formed by the effective floor of the auditory capsule and the 
fig. 4 B) 


roof by the membranous true capsular floor (membr.fL., 
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In a single specimen, however, this facial canal is almost completely roofed 
in by a single layer of very juvenile cartilage cells which probably represent 
a true cartilaginous floor to the auditory capsule in this region. There are 


‘© foramina associated with the n. facialis (fig. 4B). They are the 


f 
foramen acusticum anterius through which, in addition to the r. acusticus 


anterior, the root of VII leaves the cavum cranii, the foramen palatinum, 
and a foramen between the dorsal surface of the auditory ledge and the late- 
‘al capsular wall. The latter foramen, in this stage, transmits both the gang- 
geniculatum and fibres of the r. hyomandibularis of VII and may be 
led a secondary foramen faciale (sec.for.fac.). The roots of V and VII 
therefore, widely separated by a portion of the topographical antero- 
lial capsular wall, which, by definition, must represent a commissura prae- 
lis. The r. hyomandibularis VII and the v. capitis lateralis proceed back- 
‘ds dorsally to the auditory ledge. 

Owing to the already advanced degree of development of my youngest spe- 
it is impossible to reconstruct beyond any doubt the mode of devel- 
the capsular floor. Yet it seems very likely that, in the present 
stage, a true floor to the auditory capsule is completely lacking between the 
ramen acusticum anterius and the foramen perilymphaticum accessorium, 
is being functionally replaced by a lateral extension of the planum 
The main evidence apparently supporting this assumption is the rela- 
thickness of the effective capsular floor anterio-lateral and postero-medial 
to the subotic ridge, the presence of a subcapsular space posteriorly, and, most 
important of all, the absence of a cartilaginous roof to the facial canal. The 
subotic ridge would, according to this interpretation, represent the anterior 
border of the subotic extension of the planum basale which extends backwards 

to the posterior end of the auditory capsule. 
Although its relations to the palatoquadrate body, nerves and bloodvessels, 
are typical of a true processus basalis, that process of the palatoquadrate 


‘ribed above will constantly be referred to as the larval processus basalis 
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(see subsequent discussion). The homology of the auditory ledge will also 
be discussed elsewhere, for I am not convinced that it represents a true pro- 
cessus basitrabecularis, as Pusey contends. 


6. The cartilaginous cranial roof. 


Dorsally between the two auditory capsules lie two medial projections prob- 
ably representing the anterior border of the as yet incomplete tectum syno- 
ticum. As in the adult, both the taenia tecti transversalis and the taenia tecti 
medialis are absent. The slightly overhanging upper edges of the side-walls 
form the sides of the roof and pass back into the thick flanges of the taeniae 
tecti marginales projecting inwards from the upper edges of the auditory 
capsules. 


Own investigations. 


From the above description it is clear that the taeniae tecti marginales are 
already fused to the auditory capsules without their showing signs of a sepa- 
rate origin. The anterior and posterior borders of the medial projections 
(tect.syn.) referred to can only be approximately determined, and they roughly 
fall in line with the foramen endolymphaticum in front and the foramen 
acusticum posterius behind. They more nearly represent the posterior border 
of the adult tectum. Although, towards the middle, the cartilage of the 
chondrifying tectum passes imperceptibly into that of the taenia, it is both 
anteriorly and posteriorly separated from the latter by a narrow stip of connec- 
tive tissue in the process of chondrification (not shown in the figures). 
l'urthermore, there is no well-marked perichondrium to the free edge of the 
taenia in this region. These facts probably suggest that the chondrification of 
the tectum sets in along two longitudinal centres in the membranous cranial 
roof parallel to the medial edges of the taeniae whence it spreads in all direc- 


tions. 


7. The palatoquadrate complex. 


Briefly the most striking features of this complex of the larval Ascaphus 
are: the markedly posterior location compared with modern-type anuran lar- 
vae, of all the parts of the palatoquadrate, as evidenced by the position of the 
pars articularis situated no further forward than the region of the pila 
metoptica instead of below the olfactory foramen; the exceptionally heavy build 
of the palatoquadrate body and all its processes, resulting in a most exaggera- 
ted autostylism and the disappearance of any obvious larval subocular vacuity 
between the cranial side-wall and the palatoquadrate body. 

The commissura quadrato-cranialis anterior is a greatly extended flange 
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Fic. 6 (X +166). Stage 1. Graphic reconstruction of the skull. Dorsal aspect. 


stretching from behind the notch for the internal nostril to a position closely 


in front of the anterior capsular face. Anteriorly it connects the dorsal edge 
of the exceptionally clearly marked processus pterygoideus to the ventro- 
lateral edge of the trabecula and posteriorly it joins the post-articular portion 
of the palatoquadrate to the trabecula. 

The posterior spur of the palatoquadrate is a solid, ventrally projecting 
cartilaginous process of the palatoquadrate, postero-medial to the pars articu- 


laris. It is probably homologous with a similar structure in Rana. The lower 
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jaw abuts against it from in front and the tip of the articulating portion of 
the ceratohyal from behind. 
The ligamentum cornu-quadratum mediale, as already described in connexion 


with the suprarostral system, is posteriorly attached to the palatoquadrate body 


close to the inner surface of the posterior spur. Pusey regards this ligament 
as the rudiment of the pterygoid bone. 

The “posterior basal process’. The body of the palatoquadrate, posterior 
to the spur, appears as though it had been drawn down into a ventral keel, 
grooved ventrally by a longitudinal notch into which fits the upper edge of 
the ceratohyal. The keel projects backwards as a free process, homologised 
with a processus basalis, but termed ‘‘posterior basal process’? in . confor- 
mance with a new hypothesis put forward by Pusey. 

The processus ascendens, as already outlined in connexion with the cranial 
side-wall, bears the usual relations to the nerves and bloodvessels. The posterior 
borders of both the processus ascendens and the palatoquadrate body are 
fused to the anterior face and side-wall of the auditory capsule. This fusion is 
interrupted at one point only, situated far back for the transmission of a branch 
of the v. capitis lateralis (PUsEy’s “critical vein’). The continuation of the 
fusion behind this interruption represents the larval processus oticus. 

The processus muscularis is not well developed, being represented only by 
the lateral upper border of the palatoquadrate body. It extends from the 
arterial tunnel in front to the larval processus oticus behind. 


Own investigations. 

Pusey’s description of the commissura quadrato-cranialis anterior (com.q.cr.) 
need hardly be supplemented. It is not at all possible, at this already advanced 
stage of development, to give an accurate detailed description of its outlines. 
Its anterior end, which simulates a flange of the trabecula, projects down- 
wards almost at right angles to the cranial floor. Proceeding backwards it 
gradually slants sideways so that the angle between it and the cranial floor 
becomes bigger. At the same time its dorso-ventral axis up to the anterior 
border of the processus ascendens becomes shorter. From this point back- 
wards it lies horizontally at the same level as the trabecula and contributes 
towards the formation of the greater part of the floor of the profundus tunnel. 
It’s posterior edge coincides with the posterior end of the latter. 

That the floor of the profundus tunnel is formed by the fusion of two 
morphologically distinct elements, which must have abutted against each other 
during the earlier ontogeny, is indisputably proved by the fortunate persis- 
tence in its most posterior region, on the right side only, of a thin layer of 
perichondrium between the two neighbouring surfaces. Proceeding forwards 
this perichondrium merges into a thin strip of rather compressed cartilage 
cells, probably perichondrial cells in the process of chondrification. Still more 
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y the line of fusion is only suggested by a similar strip of cartilage 
tissue presenting a slightly different optical picture from the rest. The latter 
is traceable at least up to the niveau of the pila metoptica. This demarcation, 

represents the line of fusion of the commissura and the trabecula, 

corresponds very remarkably to that figured by Pusry in the diagram 

159 (text-figure 7D). Obviously, then, the fusion during ontogeny, of 

res, proceeds in a rostro-caudad direction. At the same time 

uadrate origin of the lateral wall and the floor of the profundus 
indubitably established. 

rocessus pterygoideus is not so clearly indicated as Pusey believed: 

‘urely merged in the commissura in much the same way as in Rana. 

the ligamentum cornu-quadratum mediale and the ligamentum 

lratum laterale there is yet a third ligament associated with the 

irate in Ascaphus. Its postero-lateral end is inserted mainly onto the 

spur of the palatoquadrate but is also diffusely attached to the 

f that portion of the ceratohyal articulating with the palato- 

keel. ‘rom its point of attachment to the palatoquadrate it proceeds 

ly, dorsally across the m. intermandibularis posterior (Pusey), 

a minor and a major element. The former is attached to the 

ld of the basal membrane of the buccal cavity epithelium and the 

shorter element is connected to the connective tissue between the im. 

hvoideus (Pusty) and the sucker epithelium, behind the infrarostral 

lages. Pusey (1943) figures this ligament in fig. 7, Pl. 8, but erroneously 

it to be the posterior end of the “ligamentum quadrato-ethmoidale” 
cornu-quadratum mediale), he also annotated it as such. 

art of the notch on the ventral surface of the palatoquadrate 

ventro-medially, whereas more posteriorly it gradually 


lirectly ventrad. The ridge bounding it laterally reaches farther 


g 
han the medial ridge and is carried backwards as the ventro- 


the palatobasal bridge, up to where the latter becomes in- 

ble as part of the auditory ledge. The ceratohyal is suspended from 
j k ligamentous tissue. 

and extensive attachment to the trabecula ihe 

body, together with the commissura, forms an extensive ventral 

cranial floor. This flange reaches down to the floor of the buccal 

ches from the level of the mouth opening to the auditory cap- 

the tadpole adheres to the substratum, the buccal cavity is 

rge tunnel, roofed by the cranial floor and flanked by the 

iously the latter structures would then prevent the dorsoventral 


the buccal cavity and in this way makes continuous feeding 
described. Possibly the extraordinary development of 


anteriorly to the palatoquadrate body must be explained along 
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PAL. BAS. BRI. 


Fig. 8. Stage 1. Sagittal section through the region of the palatobasal bridge. 


similar lines, for the hyoid apparatus, whose anterior portion may serve the 
same function as the flanges, lies too far backwards in Ascaphus. 

Pusry’s description of the larval processus basalis (his “posterior basal 
process”) is very clear. I cannot, however, confirm his statement that “‘the 
posterior edge of the commissure passes laterally and becomes the inner 
border of this posterior basal process and therefore delimits and encloses the 
small subocular vacuity in front” (Pusey 1943, p. 119). The anatomical 
relations in this region, which are very clearly illustrated in sagittal sections, 
are as follows: Medially the posterior edge of the palatoquadrate body lies 
more or less in the same transverse plane as the posterior edge of the com- 
missura quadrato-cranialis anterior, whence it stretches sideways and_ back- 
wards along the anterior and lateral faces of the auditory capsule. This edge 
of the palatoquadrate body, however, tapers in a postero-dorsal direction 
(larv.pr.ot.) to become fused to the anterior and lateral aspects of the auditory 
capsule at about the height of the anterior ampulla in front and the lateral 
semicircular canal laterally. This fusion is carried backwards as far as PUSEY’s 
“critical vein” in front of the fenestra ovalis. In a ventral view, therefore, 
there is a deep groove which commences laterally to the ventral trigeminal 
outlet and proceeds backwards along the anterior and lateral faces of the 
auditory capsule to the level of the fenestra ovalis. It 1s roughly triangular 
in section (see fig. 8), is bounded medio-dorsally by the lateral capsular wall 
and latero-dorsally by the tapering posterior end of the palatoquadrate body, 
and is bridged by the larval processus basalis to form the cranioquadrate 
passage. The v. capitis lateralis runs backwards in this groove and in the region 


‘ 


of the processus basalis, but anteriorly to the “critical vein”, the r. hyoman- 
dibularis VII and the carotid branch, referred to as the a. orbitalis, traverse it 
on their way laterad. Moreover, the r. communicans between VII and IX 
proceeds forwards within it to join the ganglion geniculatum postero-dorsally 
to the palatobasal bridge. 
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2. Semi-diagrammatical reconstruction of the most important ner- 
bloodvessels of the suspensorial region. Ventral aspect. 


This tapering portion of the palatoquadrate body exhibits all the relations 


typical of a processus oticus and, to my mind, actually represents the larval 
processus oticus which is therefore very much enlarged compared with that 
of Rana. Moreover, these dimensions are quite in agreement with the general 
tendency of the palatoquadrate attachments to the neurocranium in the larval 
Ascaphus. Laterally to Pusry’s “critical vein” (br.v.c.l.) the processus oticus 
is fused to the antero-lateral corner of the capsular portion of the crista 
parotica (caps.cr.par.) which projects sideways as a ledge to the capsule in 
the region of the fenestra ovalis. This attachment represents Pusey’s larval 
processus oticus. 

The processus ascendens together with the larval processus oticus and crista 


parotica thus forms one almost continuous band of cartilage, interrupted by 


24 


he 
/ 
/ 
| | / / 
4 LA Af 
>> 
‘ 
- 
y we 
cr 
GL.JUG. 
Fig. (X 33.3). Sta 
ves and pe 
: 


65 
THE CHONDROCRANIUM OF ASCAPHUS TRUEL STEJNEGER 


PAR.GL. VIL 
V.ORB. NAS. GL.GAS. 


R.PROF vy RMAXV! LAT. BRYVIL BR. 


FD R.LING IX. 
R. HYOM. VIL 


Fig. 10 (X 33.3). Stage 2. Semi-diagrammatical reconstruction of the most important nerves 
and bloodvessels of the suspensorial region. Lateral aspect. 


the dorsal trigeminal outlet in front and the foramen for the branch of the 


v. capitis lateralis (Pusry’s “critical vein”) behind. 

As already indicated above, my own interpretations of the morphological 
relations in this region of the skull differ radically from those put forward 
by Pusey. lorced, as it were, by the logical conclusions of his own hypothesis 
advanced in 1938 as to the nature of the larval processus oticus, PUSEY restricts 
the homology of the latter to that portion of the palatoquadrate attachment to 
the auditory capsule lying behind his 


‘ 


‘critical vein” (br.v.c.l.). In this respect, 
as he readily admits, he rejects the interpretations, for Xenopus, of KorrHaus 
(1933), EDGEWoRTH (1935), DE BEER (1937) and PATERSON (1939). For 
several reasons, however, | cannot accept his interpretation either. The point 


of fusion concerned lies far behind the r. hyomandibularis VII, the a. or- 
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bitalis and the larval processus basalis, thereby lacking at least some of the 
fundamental relations of a true processus oticus. Its attachment, in toto, later- 
ally to the fenestra ovalis instead of the usual one well in front of it also 
seems to negative Pusry’s conclusions. Most important of all, perhaps, is the 
fact that the adult otic attachment is not established through the base of 
Pusey’s larval processus oticus; yet he is of opinion that this generally takes 
in the nura. In the absence, therefore, of evidence from younger stages, 
have identified Pusey’s “larval processus oticus” as the capsular portion of 
the crista parotica (larval crista parotica, PUSEY 1938). 

The continuity between the palatoquadrate and the auditory capsule in front 
of the “critical vein’ (larval processus oticus of this paper) is accounted for 
by Pusey as follows: “The posterior borders of both the ascending process 

the general body of the quadrate are fused to the anterior tip (tac.) and 

to the side-wall (f) of the auditory capsule This fusion is not 

the larval otic process but a unique feature in Ascaphus, helping to give an 

ased autostylic support to the quadrate bar” (Pusey 1943, p. 120). But, 

1 an increased autostylism was attained by the extension of the existing 

f attachment, seems to be more in agreement with comparative 

In fact, this is the course taken by both the processus pterygoideus 

missura) and the processus ascendens. If an examination of still younger 

res should prove Pusey’s view to be correct, then the larva of Ascaphus 
this respect, far from being primitive, would be highly specialized. 

For information concerning the most important nerves and_ bloodvessels 
of this region of the skull the reader is referred to text-figures 9 and 10, which, 

vey were compiled from sections of the next stage to be described, 

mentally representative of the present stage as well. It should be 

however, that these reconstructions are not intended to accompany a 

description of the cranial nerves and bloodvessels. They can never- 

theless be relied upon as being quite correct as far as the fundamental rela- 

tions of the nerves and bloodvessels to the elements of the chondrocranium 
are concerned. 

homology of the ventral trigeminal outlet with the subocular 

other frog larvae has already been discussed. It was there pointed 

1at the ventral trigeminal outlet does not coincide with the Space PUSEY 

had in mind and which is “bounded behind by the front edge of the basi- 


trabecular process (bt.), medially by the trabecula, antero-laterally by the 


posterior edge of the commissure (pega), and laterally by the ‘posterior basal 


process’ (bpr)”. Obviously this space coincides with that part of the groove 
described above which lies antero-medial to the palatobasal bridge. A glance 
fig. g reveals that this space lies almost entirely posttrigeminally and there- 
hardly subocular. If it is to be called a “subocular vacuity” then the de- 
finition of the latter would have to be reformulated to include both basal (or 
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‘posterior basal’’) and basitrabecular processes. In that case Ascaphus, and 
possibly two or three other genera, would be the only anurans known to 
possess it, for then the processus ascendens would no longer contribute towards 
its posterior delimitation as in Rana; and no other frog larvae have a basal 
or basitrabecular process. What actually causes this typically anuran feature 
to be entirely absent in the larva of Ascaphus is not so much the presence 
of a broad processus ascendens but the extraordinarily extended commissura 
quadrato-cranialis anterior. The only possible representative of it must be 
sought in the profundus tunnel with its anterior and posterior openings. (Cf. 
figure 11 in which a part of the commissura has been removed.) 

Pusey’s hypothesis concerning the phylogeny of the processus basalis, which 
is intimately associated with the above problem, will be discussed elsewhere. 

The palatoquadrate, which shows more detail from the ventral than from 
the dorsal aspect (fig. 7) has the form of a large, roughly triangular, plate, 
differentiated into two more or less distinct regions. The medial region re- 
presents the body of the palatoquadrate and has already been described as 
having been drawn out into a ventral keel. The anterior third of the lateral 
border of the palatoquadrate, i.e. that portion lying anterior to the posterior 
spur, is deflected downwards. The articular facet for MECKEL’s cartilage faces 
antero-ventrally and is clearly indicated by the lining of juvenile cartilage 
cells which lie more or less equidistant from the arterial tunnel laterally and 
the medial border of the keel, and backwards to about midway between the 
two carotid foramina. This juvenile articular cartilage is also characteristic of 
the ceratohyal notch in the palatoquadrate keel and the articular surfaces of 
the ceratohyal and Meckev’s cartilage. I consider the greater part of the 
flattened plate lateral to the keel and posterior to the pars articularis as re- 
presenting the processus muscularis, which, far from being poorly developed, 
lies horizontally instead of being flexed dorsad, as in Rana. In this way it 
offers a much larger rigid surface of support dorsally for the massive sucker. 
The arterial tunnel perforates the apparent postero-lateral corner of the pars 
articularis, and as muscles are inserted on this region, both dorsally and 
ventrally to the tunnel, I consider not only the dorsal portion, but both to 
represent the anterior tip of the processus muscularis. The tunnel would then 
perforate the anterior tip of the processus muscularis instead of the body of 
the palatoquadrate. The processus muscularis certainly does seem to be greatly 
extended in a rostrocaudal direction. The muscular insertions are more or 
less concentrated onto its most lateral border which lies far mor laterally than 
in Rana. This arrangement probably serves the same purpose, though perhaps 
less effectively, as the elevation in Rana, in which, according to Pusey, the 
muscular process is developed to keep the origins and insertions of the muscles 
suitably parted from each other. 
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stage 2. Graphic reconstruction of the skull. Ventral aspect. Part of 


cranialis anterior of left side removed so as to expose the profundus 


tunnel. 


STAGE 2. (Figures 3, 4, 


:xternal appearance: Total length 44.1 mm; length from tip of snout to 
vent 16.8 mm; hind legs present in a relatively well developed condition; 
horny tooth-blades in process of disappearance. 

As far as the chondrocranium is concerned, this stage approximately re- 
presents the ultimate premetamorphic condition. Apart from the fact that 
every skeletal structure has proportionally greatly increased in size and massive- 
ness, the chondrocranium shows no real advance over the first stage. On the 

ry the description of the latter fits this stage even in detail. (Cf. figs. 
7 with figs. 11 and 12.) It is clear, therefore, that, compared with Rana, 
the initial development of the skull of Ascaphus is greatly accelerated. This 


fact was also remarked upon by Pusey (1943). 
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Fig. 12 (X + 16.6). Stage 2. Graphic reconstruction of the skull. Lateral aspect. Processus 
ascendens and anterior tip of auditory capsule partly removed to expose pila antotica. 


1. The anterior end of the neurocranium and the suprarostral system. 


The general arrangement of all the structures in this region is exactly similar 
to that of the first stage except that the diverging pre-olfactory portions of 


the side-wall project slightly farther forward. Strangely enough the roof of 


the anterior subcranial pit is not cartilaginous in this specimen. This simulates 
the appearance of a foramen in the cranial floor covered by a dense sheet of 
connective tissue. It, however, transmits neither nerves nor bloodvessels. The 
same is true of a specimen intermediate between the first stage and the one 


under discussion. 


2. The nasal sac and the preoral buccal cavity. 


There are no important advances to be recorded in connexion with these 
structures although the pigment in the membranous cranial and temporal roofs 
has been greatly reduced. The nasal sac has advanced in development but is 
still ciliated as in the previous stage. 


3. The floor of the neurocranium. 


Although its degeneration is more marked, the anterior tip of the notochord 
has not retreated much. Elsewhere its relations are unchanged. 
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4. The side-wall of the neurocranium and its foramina. 


\ weak cartilaginous prong (car.arc.) projects backwards from the hind 
edge of the pila metoptica and partially divides the foramen oculomotorium 
into a dorsal and a ventral division through which respectively emerge the 
n. oculomotorius (#.J/7) and the a. ophthalmica magna (a.oph.mag.). 

At its line of fusion to the cranial side-wall above, the anterior portion of 
the processus ascendens is pierced by a foramen transmitting a very small 
nerve. This foramen is not present on the right side and the nerve has not 
been identified. A small bloodvessel, present on both sides, pierces the pro- 
cessus ascendens immediately in front of the dorsal outlet of the trigeminal 
foramen. These foramina are not shown in the figures, and neither of them 
was present in stage I. 

The frontoparietal is present as a weak plate of bone in the connective 
tissue dorsal to the dorsal edge of the side-wall. 

The n. trochlearis emerges from the cranial cavity as two separate branches 
between the frontoparietal and the dorsal edge of the side-wall, dorsal to the 


foramen opticum. The n. abducens is even more clearly differentiated as a 


nerve quite separate from the r. profundus V. 


5. The auditory capsule. 


The acoustic foramina are reduced to three by the disappearance of one 
of the two median foramina, possibly the posterior one. The anterior border 
of the fenestra ovalis almost reaches to the level of the foramen acusticum 
anterius, but it is not yet traversed by the ductus fenestrae vestibuli. The 
operculum has also grown larger but nowhere is it continuous with the borders 
of the fenestra, and it does not reach backwards beyond it. The process of 
erosion by which the formative tissue of the operculum is being liberated 
has, however, continued backwards beyond the fenestra, along a line almost 
at the level of the capsular floor (cond.op., fig. 3 A). 

The relations of the auditory ledge have remained unaltered, but the cap- 
sular floor medial to the subotic ridge has become thicker relative to the por- 
tion antero-lateral to it. In contrast to the latter portion, the former is not 
lined with perichondrium but with a layer of loosely packed cartilage cells 


instead which also spread to the medial capsular wall. 


6. The cartilaginous cranial roof. 


The tectum synoticum now forms an almost complete band of cartilage 
connecting the auditory capsules from in front of the level of the foramen 


acusticum medium to in front of the level of the foramen perilymphaticum 
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superius. Along its median sagittal axis there still remains a strip of pro- 
cartilage flanked anteriorly and posteriorly by connective tissue. The tectum 
is continued backwards as a dorso-medially directed ledge of the auditory cap- 
sule which is pierced by a foramen for the transmission of an intracranial 
bloodvessel. This foramen lies at the level of the foramen perilymphaticum 
accessorium, and the ledge probably represents the crista occipitalis lateralis. 
I‘rom the foramen backwards the greater portion of the crista is ossified (exoc., 
fig. 3), the ossification spreading laterally and ventrally as a’ perichondral 
lamella of the cartilage. The laterally spreading lamella does not yet reach the 
auditory capsule whilst the ventral lamella reaches down to the dorsal margin 
of the foramen jugulare as a bony lining to the cranial cavity in this region. 
The rest of the bounding cartilage of the foramen jugulare is unossified. 


7. The palatoquadrate complex. 


The fundamental relations of this complex have remained unchanged. 

In the angle between the medial surface of the palatoquadrate flange and 
the cranial floor there is a marked increase in density of the tissue separating 
the buccal epithelium from the cranial cartilage. This condensation (cond.pr.bas., 
fig. 4 A), which constitutes the forerunner of the adult processus basalis and 
of the auditory ledge, reaches from the posterior opening of the profundus 
tunnel and stretches dorsally over the palatobasal bridge to the posterior edge 
of the larval auditory ledge. The cells forming it may be derived from the 
perichondrium of the subotic ridge (but not from the auditory capsule itself), 
the medial surface of the palatoquadrate flange and its processus oticus, the 
palatobasal bridge and the larval auditory ledge, by a process similar to that 
operating in the development of the operculum. According to my own inter- 
pretations, the centres of origin enumerated above all represent either palato- 
quadrate or basal plate derivatives. (See subsequent discussion). Moreover, 
the medial surface of the palatoquadrate flange constitutes by far the most 
important centre of liberation of the formative cells. 


C. STAGE 3. 


I-xternal appearance : Total length 51.3 mm; length from tip of snout to vent 
20.6 mm; all four legs well developed; sucker and tail persistent. 

Although, since the previous stage, the cartilaginous structures of the skull 
have become even more massive, they are nevertheless identical with those 
of both the previous stages, and the present stage is only characterised by the 
onset of the cartilage erosion characteristic of the anuran cranial metamor- 
phosis. The process of erosion has not been studied in detail, but appears to 
operate in two ways: perichondral erosion and enchondral destruction ; these 
are, however, not always clearly distinguishable from each other. 
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The first process has already been referred to in connexion with the libera- 
tion of perichondral cells in stages 1 and 2. (See operculum and adult processus 


basalis). It is more gradual than the second and seems to be applied where 


only slight or gradual reduction of the cartilage is necessary. The fibrous tis- 


sue of the perichondrium disintegrates, thereby liberating the ensheathed cells. 
The latter can be seen to spread in different directions or to accumulate at 
certain places. 

The second method is much more drastic inasmuch as, apparently, some of 
the cartilage cells first of all degenerate, while the matrix, which has lost its 
affinity for the specific stain, is subsequently destre ved leaving only the debris 
f apparently useless material interspersed with nuclei. This process occurs 

rever considerable reduction, or the total destruction of a given structure 
‘ded as, for example, in the case of MErcKEL’s cartilage and the rostral 
cartilages. lor the sake of convenience these two methods will, in the sub- 
sequent descriptions, be referred to as perichondral erosion and enchondral de- 


struction. 


The anterior end of the neurocranium and the suprarostral system. 


anterior subcranial pit has almost disappeared, mainly on account of the 


thickening of its floor and the filling up of the pit with cartilage cells from 


forwards. The preolfactory portions of the side-walls diverge more 

in the last stage and closely follow the medial walls of the diverging 

al sacs. The floor, however, has not increased its rostral extension. Peri- 
chondral erosion can be seen on all the free surfaces of the trabecular flanges 
trabecular horns) from the subnasal ledges (subnas.ri.) downwards, as well 
on the posterior portions of the suprarostral flanges behind the notches for 
nostrils. The subnasal ledges and the lateral suprarostral wings 
are being destroyed enchondrally. The median suprarostral plate is still intact, 
although the band of tissue (subros.tis.) supporting its posterior edge as well 
as the anterior part of the preoral buccal cavity have almost entirely dis- 
grated. The transverse oral groove and the horny tooth-blades have dis- 
ared completely, and the destruction of the sucker epithelium and larval jaw 

t complete. The suprarostral wings are being destroyed en- 
their dorso-medial surfaces. These structures have been 

slightly sideways and backwards and have taken up a more upright 

their posterior portions being almost vertical. Apparently this was 

brought about by their medial portions having been depressed. The lining 
of the sucker, as far as this still exists, has folded round the postero- 
ventral edges of the suprarostral wings in such a manner that the latter appear 


to project downwards beyond the general surface of the sucker. 
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2. The floor of the neurocranium. 


The commissura quadrato-cranialis anterior has been almost entirely de- 
stroyed by enchondral destruction and, judging from conditions in the specimen 
described as showing the plate of juvenile cartilage in the cranial base, a 
variable portion of the trabecular bar must have been destroyed at the same 
time. That the partial destruction of the latter is not merely an accidental result 
of the process of destruction of the commissura (see PusEY 1943) is evidenced 
by the fact that such destruction is carried forwards beyond the anterior margin 
of the latter and backwards to the foramen prooticum. In this connexion it 
was pointed out above that the medial portion of the floor of the profundus 
tunnel must have been contributed by the trabecular bar. Yet, in this as in 
other regions, much more has been destroyed than merely the lateral surface 
of the trabecular bar. In the region between the anterior border of the foramen 
opticum and the anterior edge of the pila antotica it would appear that almost 
the entire trabecular portion of the basis cranii has been destroyed leaving 
only that portion which was formed by the more juvenile cartilage. The only 
alternative explanation was offered by Gaupp (1893) who considered the 
relatively massive trabeculae in anuran larvae to be a larval specialization in 
aid of greater rigidity. Its subsequent partial destruction was to him, there- 
fore, no more strange than the destruction of the suprarostral cartilages and 
other similarly specialized structures. 

Owing to the progressive rostro-caudal degeneration the anterior tip of the 
notochord has retreated to the middle of the foramen acusticum anterius. 
Towards the anterior tip of the persisting notochord the cartilage dorsal to 
it bulges into a low median ridge which gradually widens posteriorly, so that 
the dorsal surface of the interotic cranial floor becomes slightly convex. The 
entire cranial portion of the notochord now shows signs of initial degeneration. 


Anteriorly to the foramen perilymphaticum accessorium it appears to have 


been slightly compressed dorso-ventrally. The intracartilaginous spaces which 


in consequence appear dorsally and ventrally to it are filled up by an amorphous 


substance resembling the cartilage matrix but nevertheless distinct from it. 


Posteriorly to the internal opening of the elongated foramen jugulare the 


notochord is not ventrally covered by cartilage. On the contrary, it is being 


pushed ventrad by the additon of juvenile cartilage cells, both dorsally and 


laterally to it. 


3. The side-wall of the neurocranium and its foramina. 


The foramen opticum has been much enlarged by the enchondral destruc- 


tion of its bounding cartilage. The destruction proceeds in all directions to such 


an extent that, except for a portion of its medial perichondrium, the pila 
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metoptica has completely disappeared. Superficially, therefore, the optic and 
oculomotor foramina seem to have become confluent. However, a new separa- 
ting cartilage has already started developing from the undestroyed cells of the 
perichondral remnant, which, although it does not yet form a complete carti- 
laginous septum between the two foramina concerned, forms a posteriorly 
directed process similar to the prong described in stage 2, and separating the 
n. oculomotorius from the a. ophthalmica magna. This prong fuses with the 
postero-ventral wall of the foramen oculomotorium. 

The processus ascendens has begun to be destroyed along its antero-medial 
aspect, so that the anterior of the two foramina, described as piercing it in 
stage 2, has disappeared; the posterior one is still present. Although the 

r portion of the processus ascendens is still intact, its line of future 
destruction can already be detected from the histology of the cartilage. 

The n. trochlearis in this stage pierces the lateral portion of the fronto- 
parietal bone, dorsally to the foramen opticum. 

The foramen prooticum has also been enlarged slightly by perichondral ero- 
sion of its borders. The anterior border of its ventral outlet has disappeared 
since the floor of the profundus tunnel has been completely destroyed en- 


chondrally. Its anterior and dorsal outlets, however, still persist. It may be 


noted that the medial border of the ventral outlet, which coincides with the 


ventral border of the true foramen prooticum, shows slight enchondral destruc- 
tion in its most anterior region only. The rest of this border is only slightly 


eroded perichondrally. 


4. The auditory capsule 


The operculum has grown considerably since the previous stage. It projects 
backwards beyond the posterior border of the fenestra ovalis where it is, 
for some distance, accompanied on its medial side by the extracapsular portion 
of the ductus fenestrae vestibuli. There is, as yet, no cartilaginous continuity 
between it and any portion of the auditory capsule. 

Towards the hind end of the fenestra ovalis the perichondral erosion 
referred to in stage 1 is no longer restricted to the dorso-lateral surface of the 
ventral border but has spread sligthly medially along the dorsal surface of 
the capsular floor. Such medial spreading of the erosion was only slightly 
indicated in stage 2. 

The layer of loosely packed cells on the dorsal surface of the capsular floor 
medial to the subotic ridge has become completely chondrified, but still ex- 
hibits their juvenile character. This phenomenon obviously indicates a_re- 
tarded chondrification of the true capsular floor. 

The foramina concerned with the n. facialis still bear the same relations 


to the larval auditory ledge and the labyrinth cavity as in the previous stages. 
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The ganglion geniculatum, however, has come to lie almost extra-capsularly, 
and only its root traverses the labyrinth cavity in association with the 
r. acusticus anterior. The dorsal surface of the larval auditory ledge is also 
being eroded and definitely contributes towards the cell condensation in that 
region. 


- 


5. The cartilaginous cranial roof. 


The tectum synoticum has more or less reached adult dimensions, although 
patches of procartilage and connective tissue can still be seen along its median 
sagittal axis. The ossification of the crista occipitalis lateralis has not advanced 
much beyond the previous stage. Marrow cavities have been excavated in 
it and the perichondral lamellae have become thicker rather than more extended. 
However, the ventral lamella has spread to the roof of the foramen jugulare, 
and the dorsal lamella has proceeded to the dorsal surface of the occipital condyle. 


6. The palatoquadrate complex. 


The entire palatoquadrate flange, from the posterior border of the floor 
of the profundus tunnel forwards, has become detached from the trabecula 
through the enchondral destruction of the dorso-medial portion of the com- 
missura. As stated above, this destruction probably affects a variable portion 
of the trabecular bar as well. The ventral portion of the commissura has re- 
mained intact as a cartilage process projecting forwards from the body of the 
palatoquadrate. 

In a slightly younger specimen this destruction is shown to have proceeded 
in a caudo-rostral direction, along a line starting at the level of the floor 
of the profundus tunnel behind and gradually sloping downwards to halfway 
between the cranial floor and the ventral free edge of the commissura in front. 
This line corresponds in a remarkable way to that referred to in stage 1. 
The extent of destruction gradually decreases from behind forwards and ends 
at the level of the anterior edges of the infrarostral cartilages. Anteriorly to 
this point the flange is still fused to the trabecula. It may be noted that the 
destruction of this connexion proceeds in a direction opposite to that in which 
the fusion of the flange to the trabecula had previously taken place. 

The ventral, detached anterior portion of the commissura, which is still 
held in position by the ligamentum cornu-quadratum mediale, is being further 
reduced by perichondral erosion along its medial and lateral surfaces. The 
erosion proceeds rostro-caudad and gradually becomes less marked towards 
the level of the foramen opticum. The cells liberated in this way seem to 
accumulate laterally to the flange. Anteriorly the accumulation is continuous 
with the tissue forming the postero-lateral continuation of the lamina orbito- 
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vasalis, and it almost certainly represents the formative tissue of the ranid 
processus maxillaris posterior. It is interesting that the lamina apparently does 
not develop according to the ranid pattern and stands in no relation whatso- 
ever to the commissura quadrato-cranialis anterior. On the contrary, it occurs 
at this stage as a fairly well-defined condensation of mesenchymatous tissue, 
juite independent from the cranial side-wall and continuous anteriorly with 

ularly constituted posterior portion of the tectum nasi. It is quite pos- 
ible, however, that the cells are liberated from the side-wall by perichondral 


erosion of the latter, anteriorly to the notch for the internal nostril, and that 


they condense into a well-defined mesenchymatous lamina before chondrifica- 


tion 
I-nchondral destruction has also commenced in three other region of the 
‘+: the antero-lateral corner of the processus muscularis anteriorly 
to the arterial tunnel, the posterior spur of the palatoquadrate and the antero- 
lateral portion of the palatobasal bridge where it joins the palatoquadrate 
keel. 
The minor portion of the ligament associated with the posterior spur of the 
palatoquadrate is now inserted on the ventro-lateral margin of the tongue. In 
tage slightly younger than the present one this ligament is very tightly stret- 
and the shape of the cartilage cells of the spur seems to suggest that some 
avy have been applied to the latter via the ligament. 
densation of the adult processus basalis and auditory ledge has 
in bulk and now almost completely fills up the space between the 
epithelium and the cartilaginous structures dorsal and lateral to it 
his region. Although the ceratohyal is also being eroded perichondrally, 
tributes nothing towards the above-mentioned condensation. Moreover, 
surface of the palatoquadrate flange is now definitely established 
most important centre of origin of the cells forming the 
hasalis and auditory ledge. The condensation is beginning to 
more definite shape and stretches backwards from a position antero- 
) the auditory capsule through the cranio-quadrate passage, i.e. dorsal 
palatobasal bridge and a. orbitalis, to the ganglion geniculatum. In the 
region the cells are more closely packed than elsewhere. The anterior 
‘tion of the cell mass has a roughly triangular cross-section and is, by means 
the apices of the triangle, pressed up against the medial surface 
palatoquadrate flange at the level at which the latter starts tapering 
larval processus oticus. On the latter process as fulcrum the palato- 
flange seems to have rotated slightly towards the auditory capsule 
vy. capitis lateralis lies, dorso-ventrally compressed, between the 
antero-ventral aspect of the auditory capsule and the cell condensation in ques- 


tion. Furthermore, the ceratohyal notch now faces slightly more medially than 
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in the previous stage. The articular cartilage cells of the lateral portion of 
the facet of Mecket’s cartilage have been reduced. 

The processus oticus is still intact, although some signs of its subsequent 
erosion can be detected. 

The processus ascendens has been referred to elsewhere. 

Apart from the facts mentioned above the general shape of the palato- 
quadrate and its position relative to the basis cranii have remained unchanged. 


D. STAGE 4. (Figures 13 to 20.) 


external appearance: Total length 40.5 mm; length from tip of snout io 
vent 18.0 mm; sucker replaced by subterminal mouth; corner of mouth opposite 
anterior region of foramen opticum; tail relatively long. 


1. The anterior end of the neurocranium and the suprarostral system. 


The preolfactory portion of the side-wall has notably increased since the 
last stage, although this is due to a backward shifting of the foramen olfac- 
torium rather than to growth of the side-wall itself. These portions of the 
two side-walls are connected by a thick sheet of tissue in the process of being 
transformed into cartilage. Proceeding backwards the side-walls gradually 
rise more and more above the connecting tissue so that a space becomes enclosed 
between them and the connecting tissue below. This space becomes deeper 
posteriorly and forms a preolfactory extension of the cavum cranii. The sheet 
of connecting tissue reaches forwards beyond the anterior ends of the side- 
walls where it connects the antero-medial walls of the nasal capsules. This 
tissue was not figured in the reconstructions of the specimen (figs. 15 and 16). 
Undoubtedly it is the first representative of the internasal septum. It is carried 
backwards to the region of the subcranial pit, filling up what may still be 
left of the latter. The larval cranial floor of this region shows marked peri- 
chondral erosion. The cells liberated in this way partly contribute towards 
the tissue under discussion and partly condense into a mass along the dorsal 
surface of the larval cranial floor. This mass closes up the anterior portion 
of the foramen olfactorium and spreads backwards up to the notch for the 
internal nostril, gradually changing from a dorsally convex mass to a thin 
layer of tissue. 

‘rom the level of the subcranial pit backwards the ventral surface of the 
basis cranii and the suprarostral-trabecular pillars are being actively destroyed 
enchondrally. From the notch for the internal nostril onwards the destruction 
is restricted to the trabecular portion of the basis cranii and is carried back- 
wards to the anterior edge of the commissura. 

The median suprarostral plate and its dorsal flanges, which must have been 
destroyed in a caudo-rostrad direction, have disappeared almost completely 
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and was reconstructed in figure 16 only by reference to the debris left in their 
positions. The lateral suprarostral wing whose destruction is almost completed 
as well has been displaced backwards still more and its debris, inserted in 
figures 15, 16 and 17, reaches to the level of the anterior border of the fora- 
men opticum. The ligamentum cornu-quadratum laterale now stretches forwards 
beyond this structure and cannot be distinguished from the ligamentous tissue 
which had anchored the cartilage to the sucker epithelium in stage 1 (fig. 16). 
During the destruction of the median suprarostral plate the ventral portion of 
the suprarostral-trabecular pillar was displaced sideways carrying the liga- 
mentum cornu-quadratum mediale with it. The latter still retains its former 


ion to the pillar but its fibres have begun to disintegrate (figs. 13 and 14). 


2. The floor of the neurocranium. 


carotid foramina are still present, but the posterior of the two has 


ade smaller by the addition of juvenile cartilage to its postero-medial 


The enchondral destruction in the trabecular region of the basis cranii has, 


without interruption, spread forwards to the trabecular horn region. The pre- 


ussural erosion has already been stressed elsewhere and will be referred 


again in the subsequent discussion. 
The anterior tip of the notochord still reaches up to the level of the foramen 
acusticum anterius but the dorso-ventral compression of the former, referred 


th 
I 


to in the previous stage, and the amorphous substance associated with it, 
are not much in evidence in this stage. The convexity of the interotic cranial 
floor has been greatly eroded away along a broad base, leaving two low ridges 
to the notochord (fig. 18). These latter lie midway between the noto- 

land the medial capsular wall on each side and, diverging anteriorly, reach 

to the posterior edge of the foramen prooticum. As a result of this erosion 
the notochord is almost bared dorsally between the foramen endolymphaticum 
and the foramen perilymphaticum superius. Posteriorly it is still further libe- 


‘d of the planum basale by the ventral displacement already referred to. 


2. The side-wall of the neurocranium and its foramina. 
3 


The anterior portion of the cranial side-wall has been dealt with above. 
The n. trochlearis is very clearly seen to leave the cranial cavity as two sepa- 
rate branches passing through two distinct foramina in the frontoparietal an- 
tero-dorsally to the foramen opticum (fig. 13). The enchondral destruction 

bounding cartilage of the foramen opticum (fig. 13) as well as the 
perichondral erosion of the side-wall is still in progress. The pila metoptica 
has been replaced entirely, although the cartilaginous bar dividing the fora- 
38 
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Fig. 14. Stage 4. Transverse section 
Fig. 13. Stage 4. Transverse sec- through the anterior portion of the pro- 
tion through the foramen opticum. cessus ascendens. 


men oculomotorium into two divisions is feebly indicated on the right side 
only. The foramen piercing the antero-dorsal portion of the processus ascen- 
dens is present only on the left side but the posterior foramen transmitting 
the bloodvessel is absent. These foramina therefore seem to be variable. The 
rostro-caudal destruction of the ventral portion of the processus ascendens 
(figs. 14 and 17) is still in progress. 


4. The auditory capsule. 


The septum of the anterior semicircular canal reaches forwards beyond the 
foramen acusticum anterius and that of the lateral one beyond the anterior 
border of the fenestra ovalis. There are only three acoustic foramina, and the 
relations of the perilymphatic foramina to the auditory capsule and to the 
subcapsular cavity have remained unaltered. The latter cavity has, however, 
become larger. 

The perichondral erosion along the borders of the fenestra ovalis has ceased 
and, in contrast to the previous stage, the dorso-lateral surface of the ventral 
border of the fenestra is now lined with a thin layer of juvenile cartilage. Com- 
mencing in front of the fenestra, this cartilage reaches beyond its posterior 
boundary. Proceeding backwards it gradually becomes thicker and more clearly 
marked off from the older cartilage below. Behind, it abruptly rises up io 
form the postero-ventral delimiting cartilage of the fenestra as well as the 
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antero-lateral wall of the subcapsular space. The operculum is now contiguous 
with the dorsal border of the fenestra as well as with the lateral surface of 
the capsular wall above and behind it; but it is nowhere fused to the cap- 
sule. The extracapsular portion of the ductus fenestrae vestibuli is shorter 
than in the last stage. 
The ganglion geniculatum now lies entirely extracapsularly owing to the 
fact that the latero-ventral wall of the auditory capsule has extended more 
ially, thereby forming a cartilaginous roof to the lateral portion of the 
‘ial canal. The foramen palatinum, housing a small portion of the ganglion 
seems to pierce the auditory legde laterally to the ventro-lateral capsular 
(fig. 18c) although, strictly speaking, it pierces the floor of the facial 
There are indications that the true capsular floor, behind the facial 


canal, has started to become chondrified in continuity with the effective floor. 


5. The cartilaginous cranial roof. 


The tectum synoticum retains the dimensions of the previous stage and the 


residual connective tissue along its median sagittal axis has been replaced by 

cartilage except at its anterior and posterior margins. Moreover, the cartilage 

has become strikingly thickened along this axis without, however, forming 

1 distinct ridge either on the external or on the internal surface. Strangely 

enough the line of fusion of the tectum with the taeniae tecti-marginales seems 

to have been better preserved in this than in any of the other stages subsequent 
the first one. 


The ossification in the occipital region has practically remained unaltered. 


6. The palatoquadrate complex. 


The metamorphosis undergone by this complex since the previous stage is 
radical that a detailed interpretation of the residual structures is almost 
impossible without reference to intermediate stages, for, the shape of the 
latoquadrate bar has changed in a most remarkable way (cf. fig. 2 with 
17). 

The medial surface of the palatoquadrate flange has been destroyed to such 
an extent that the posterior spur of the palatoquadrate and the medial ridge 
of the notch for the ceratohyal, as well as the ligament associated with the 

have disappeared completely. The palatobasal bridge is only vaguely 

icated by residual perichondral tissue and cartilage debris (fig. 18¢). The 
rsalmost part of the medial surface of the palatoquadrate flange (where it 
starts tapering into the larval processus oticus) has, however, been left un- 
<lestroyed and has assumed the form of a longitudinal ridge (unerod.ri., figs. 


16, 18) reaching from the anterier end of the foramen prooticum to the an- 
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Fig. 15 (X + 16.6). Stage 4. Graphic reconstruction of the skull. Dorsal aspect. Fronto- 
parietal and palatoquadrate ligaments removed on left side. 


terior edge of the larval auditory ledge. To the medial surface of this ridge 
the future adult processus basalis (fut.pr.bas.) is loosely attached. The pro- 
cessus muscularis has been almost completely destroyed. Its anterior portion 
is represented only by vague perichondrial traces which have been compressed 
onto the lateral surface of the palatoquadrate body. The arterial tunnel has 
therefore disappeared, and it was not found possible to demonstrate any re- 
mains of that portion of the orbital artery which had traversed it. 

In the previous stage the commissura quadrato-cranialis anterior was al- 
ready destroyed to such an extent that only its ventral half, with the ligamen- 
tum cornu-quadratum mediale attached to it, persisted. This portion has now 
suffered considerable erosion, especially along its medial and ventral surfaces, 
so that the ligament has become entirely detached from it (figs. 13 and 14). 
It is, therefore, almost impossible to determine which portion represents the 
original antero-ventral tip of the commissura. Proceeding backwards, that por- 
tion of the ventral edge of the latter, which is being destroyed, becomes pro- 
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Graphic reconstruction of the skull. Ventral aspect. Palato- 
from debris, and palatoquadrate ligaments inserted only on left side. 


gressively larger up to its junction with the palatoquadrate body. The erosion 
along its dorsal and lateral surfaces, subsequently to the previous stage, seems 
negligible. The residual cartilage of the commissura at this stage (pr.pteryg.) 
therefore, represents the posterior half of the adult subocular arch. With 
the lateral flat surface of the anterior tip of this process the posterior end 
of a rod of very juvenile cartilage (pr.max.p., figs. 13, 15, 16 and 17) has 
become fused. This rod of cartilage reaches backwards, alongside the “ pro- 
cessus pier ygantens to the middle of the foramen opticum and projects forwards 
beyond the tip of the processus pterygoideus, where, for some distance it occu- 
pies a position lateral to the disintegrating ligamentum cornu-quadratum mediale 
Still further forwards it diverges from the ligament and becomes fused to the 
postero-lateral tip of the lamina orbitonasalis. Although no intermediate stages 
were available, there can be very little doubt that this rod of cartilage has 


chondrified from the tissue which was condensing in this region in the 


previous stage. If this conclusion is correct, it has originated either from the 
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Fig. 17 (X + 16.6). Stage 4. Graphic reconstruction of the skull. Lateral aspect. 


proximal portion of the commissura or from that portion of the latter re- 
presenting the posterior part of the adult subocular bar. If, as its relations 
to the lamina orbitonasalis obviously suggest, it represents the processus 
maxillaris posterior of Rana, the latter may have to be interpreted differently 
(see subsequent discussion). This rod of cartilage must have chondrified in 
a caudorostral direction, for where it joins the lamina it still consists of pro- 
cartilage. A transverse section through this region seems to indicate two por- 
tions of concentrically arranged cells closely pressed against one another. The 
r. communicans between the r. maxillaris V and the r. palatinus VII proceeds 
medially between these two concentric masses (for.r.com.V.VII.) and may 
possibly indicate the line of fusion of the processus maxillaris posterior with 
the lamina orbitonasalis. 

In the previous stage a slight rotation of the palatoquadrate flanges towards 
each other, on the otic processes as fulcra, has been recorded. In the present 
stage this rotation has been carried farther, especially in the region behind the 
pars articularis. It has been made possible by a general softening of the cartil- 
age of the processus oticus, so that the medial portion of the latter can be 
dorso-ventrally compressed. Probably it is brought about by a “pull” on 
the ligament which was attached to the posterior spur in the previous stage. 
The medial surface of the palatoquadrate flange therefore comes to lie much 
closer to the lateral wall of the auditory capsule whereby the groove between 
this capsular wall and the larval processus oticus, referred to in the first stage, 


becomes almost obliterated (fig. 18); in fact, the cranio-quadrate passage 
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has almost disappeared. The ridge bounding the ceratohyal notch laterally comes 
to project much more ventrad than the medial ridge which, together with the 
articular cartilage of the notch, is entirely absent from the present stage. 
Moreover, the ceratohyal has altogether lost its connexion with the palato- 
quadrate. 

Apart from the above rotation, rostro-caudal displacement of the palato- 
quadrate has also set in since the previous stage, and the facet for the 
articulation with Mecket’s cartilage now lies in the region of the foramen 
prooticum (fig. 17). In Ascaphus, however, this displacement is not associated 
with any pronounced buckling of the palatoquadrate bar such as is encountered 
in Rana (GAvuPP 1893, Pusey 1938). Having been detached from the neuro- 
cranium by the complete destruction of the commissura quadrato-cranialis 
anterior and the greater part of the ventral half of the processus ascendens, 
the pre-auditory portion of the palatoquadrate bar is simply flexed down- 
wards. In the present stage, therefore, it hangs almost vertically from the 
larval processus oticus (fig. 17). The latter is being destroyed in a caudo- 
rostral direction from its point of fusion to the crista parotica (caps.cr.par. ) 
whose lateral surface also suffers erosion. In the lateral view of stage 2 
(fig. 10) the ganglion geniculatum can be seen to emerge ventrally to the 
gently sloping posterior portion of the processus muscularis, and from it the 
r. hyomandibularis proceeds forwards and sid-ways to split into its constituent 
branches anterior to the level of the foramen prooticum. In the lateral view 
of the present stage (fig. 20) this ganglion emerges behind the undestroyed 
portion of the processus muscularis which has been carried downwards with 
the rotating palatoquadrate, and the point of ramification of the r. hyo- 
mandibularis lies behind the level of the foramen prooticum (fig. 19). Al- 
though the posterior half of the subocular bar (pr.pteryg.) is already fused to 


the lamina orbitonasalis through intervention of the processus maxillaris 


posterior (pr.max.p.), the elongation of the latter up to this stage could, in 


view of its procartilaginous nature, hardly have assisted in the backward dis- 
placement of the palatoquadrate. 

The subotic cell condensation (cond.pr.bas.) has now assumed a still more 
definite shape than in the previous stage. Its anterior end which is more or 
less oval in cross-section is loosely attached by its ventro-lateral edge, to the 

ial surface of the undestroyed ridge of the palatoquadrate whence it slants 
obliquely upwards towards the capsular floor. Immediately in front of the 
subotic ridge it becomes triangular in cross-section; one apex is attached to 
the palatoquadrate ridge and the side opposite to this apex lies parallel to the 
latero-ventral wall of the auditory capsule which it almost touches (fig. 18 A). 
Proceeding backwards it becomes detached from the palatoquadrate and_be- 
comes connected with the subotic ridge and the antero-lateral edge of the 


larval auditory ledge, along that side of the triangle facing the auditory capsule 
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Fig. 18 A, B and C. Stage 4. Consecutive transverse sections through region of basi- 
cranial articulation. 


(fig. 18B). The posterior end gradually shifts to the dorsal surface of the 
larval auditory ledge (fig. 18C) which also shows signs of erosion. In this 
region it retains the relations of the previous stage. This mass chondrifies 


from two separate centres: one associated with the palatoquadrate and pro- 
ducing the adult processus basalis (fut.pr.bas., figs. 16, 18), and the other 
centre associated with the larval auditory ledge, producing the adult auditory 
ledge (fut.auled.). Since the transition from the one to the other is, at this 
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suspensorial region. Ventral aspect. 


stage, a gradual one, the two are, in figure 16, represented as a single struc- 
ture. The perichondrium and debris of the larval palatobasal bridge can still 
be seen joining the larval auditory ledge, ventrally to the posterior centre of 
chondrification. At this stage, therefore, it lies behind the adult processus 
basalis (fig. 16). Furthermore, although the peripheral portion of the a. 
orbitalis could not be traced in this specimen, it is unquestionably present at 
its point of origin. Extending laterally it passes dorsally across the remnant 


of the palatobasal bridge and ventrally across the basal-process-auditory-ledge 
condensation (fig. 19). 


STAGE 5. 


External appearance: More or less similar to previous stage, but tail shorter. 
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Fig. 20 (X 33.3). Stage 4. Semi-diagrammatical reconstruction of the most important ner- 
ves and bloodvessels of the suspensorial region. Lateral aspect. 


1. The anterior end and the floor of the neurocranium. 


As in the previous stage, the anterior tips of the cranial side-walls do not 
project forwards beyond the fenestra nasobasalis but the interconnecting tissue 
(nasal septum) has, to a great extent become completely chondrified. At the 
same time this tissue has thickened to such an extent that the preolfactory 
extension of the cavum cranii is now greatly reduced. The trabecular flanges 
(trabecular horns) have been reduced to thin lamellae, each applied to the 
ventro-medial edge of the solum nasi of its side, this latter consisting of 
juvenile cartilage. The lateral extension of this lamella is gradually reduced 
towards the hind edge of the flange. There are no traces left of the rostral 
apparatus. 

The erosion of the cranial floor, posteriorly to the former position of the 
subcranial pit, is still in progress and has already entirely destroyed a con- 
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siderable portion of the prechoanal cranial floor. The latter is being replaced 
by the cell condensation along its dorsal surface, referred to in the previous 
stage. In the interchoanal region the mid-ventral surface of the larval cranial 
floor has been excavated in such a way that its undestroyed lateral borders, to 
which the postero-medial portions of the solum are attached, superficially 
resemble the posterior portions of the trabecular flanges. This erosion, although 
becoming less deep posteriorly, proceeds fairly far backwards and, upon 
reaching the anterior tip of the parasphenoid, spreads laterally to it as two 
broad erosion tracts gradually becoming narrowed down and _ ultimately re- 
stricted to the lateral margins of the cranial base. Thus a ridge of undestroyed 
cartilage remains dorsal to the parasphenoid. Between the foramen opticum 
and the foramen palatinum the thickness of the cranial floor is being reduced 
by perichondral erosion. 

Both carotid foramina are present but differ slightly from those of the 
previous stage. The palatine branch of the a. carotis interna is given off 
inside the foramen caroticum primarium and enters the cavum cranii by its 
own foramen. It proceeds forwards in a groove on the dorsal surface of the 
cramial floor and leaves the cavity through the foramen cranio-palatinum in 
the usual way. 

The anterior tip of the notochord reaches to the foramen acusticum medium 
and, thence to the foramen perilymphaticum superius there is evidence that 
it is being chondrified. At some places in this region the cartilage dorsal to 
it has been eroded away completely by the process already referred to in the 
previous stage, and which is still in progress. Behind the foramen perilym- 


phaticum superius it has not yet started degenerating. 


2. The side-wall of the neurocranium and its foramina. 


The perichondral erosion of the side-wall and the enlargement of the foramen 
opticum are still in progress. The strut of cartilage dividing the foramen 
oculomotorium into two divisions is more massive and fused to the postero- 
ventral border of the foramen concerned. The entire ventral portion of the 
processus ascendens has been destroyed so that the foramen prooticum is 


now visible in lateral view. The bloodvessel described in previous stages no 


longer traverses it but proceeds medially and ventrally to its free edge. 


3. The auditory capsule. 


The operculum now almost completely fills the fenestra ovalis; its posterior 
portion has become roughly triangular in cross-section with the base fitted 
into the fenestra ovalis. Its fusion with the dorsal border of the fenestra 
and with the auditory capsule postero-dorsally to the fenestra, is about to 
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take place. The extra-capsular portion of the ductus fenestrae vestibuli is 
insignificant in this specimen, and there is as yet no muscle inserted on the 
operculum. 

The chondrification of the true capsular floor dorsally to the facial canal 
has proceeded medially so that it now reaches beyond the foramen palatinum. 
Owing to perichondral erosion along its ventro-lateral border the larval 
auditory ledge has been greatly reduced. The foramen palatinum which, in 
the previous stage, transmitted the r. palatinus VII only, has been completely 
invaded by the ganglion geniculatum. In a ventral view, therefore, this ganglion 


can be seen to lie in a short groove on the ventral surface of the effective 


capsular floor, and the r. palatinus leaves the ganglion at the front end of 


the groove. 


4. The cartilaginous cranial roof 


Apart from the fact that the tectum synoticum is for the first time com- 
pletely cartilaginous and that the thickening along its median sagittal axis, 


recorded in the previous stage, is inconspicuous, no noteworthy changes have 


set in in this region. 


5. The palatoquadrate complex. 


The dorsal surface of the anterior end of the processus maxillaris posterior 
is grooved transversly for the transmission of the r. communicans between 


the r. maxillaris V and the r. palatinus VII. This process now forms a con- 


tinuous rod of juvenile cartilage constituting the preoptic portion of the sub- 


ocular bar. ‘rom the anterior portion of the foramen opticum backwards it 


is complemented medially by the flat anterior tip of the older posterior portion 


of the subocular bar (undestroyed portion of the commissura) and it dis- 


appears from section simultaneously with the foramen opticum. The entire 


subocular bar has shifted slightly more sideways, since the previous stage, 


while its posterior half has been still more reduced by erosion along its medial 


surface. 


sehind the ganglion geniculatum the larval processus oticus has been almost 


completely eroded away and it is represented only by an irregular mass of 


cartilage debris and disintegrated cells. Its anterior portion, however, has been 


softened and it now shows signs of incipient disintegration along its line of 


fusion to the auditory capsule. As a result the palatoquadrate has attained a 


considerable amount of freedom so that, it can not only rotate still more back- 


wards, but it has also commenced to be displaced upwards to a slight extent. 


The larval processus oticus, therefore, although still joined to the auditory 


capsule, projects as a ridge above its former line of fusion to the latter. 
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The processus muscularis has disappeared. 

The newly chondrified adult auditory ledge and processus basalis are 
separated from each other by an illdefined strip of unchondrified tissue. In 
transverse section the processus basalis is roughly triangular posteriorly and 
more or less oval anteriorly. It is still attached to the medio-dorsal surface of 
palatoquadrate flange in the manner described in the previous stage though 
much more loosely. Whereas, in the previous stage, it was situated entirely 
behind the foramen prooticum it now projects well into the region of this 
foramen. The adult auditory ledge reaches farther laterad than previously and 
almost touches the medial surface of the palatoquadrate flange. It is intimately 
fused to what still remains of the larval ledge. 

In the previous stage the ceratohyal was suspended to the postero-lateral 
portion of the adult auditory ledge by the intervention of a nodule of pro- 
cartilage; this has now become chondrified and fused onto the antero-dorsal 
portion of the ceratohyal. It is applied ventrally to the postero-lateral corner 
of the auditory ledge without being actually fused to it. 


F. STAGE 6. (Figures 21 to 26.) 


External features: Juvenile adult; length from tip of snout to vent 21.56 mm; 


angle of mouth opening ventrally to eye opposite foramen opticum. 


1. The anterior end and the floor of the neurocranium. 


The active erosion of the cartilage has now ceased. The preolfactory ex- 
tension of the cavum cranii has become completely filled up with cartilage 
right up to the olfactory foramina. It has thus become transformed into the 
posterior portion of the internasal septum. A comparison of the present with 
the fourth stage reveals a striking backward displacement of the olfactory 
foramina. The relation between the larval notch for the internal nostril and 
the choana of the adult was not examined. Nevertheless it may be noted that, 
whereas this foramen was placed well in front of the choana in the fourth 
stage and was, in fact, sectioned simultaneously with the septomaxillary, it 
now lies well behind the latter bone and entirely in the region of the choanae. 
In Kana it lies behind the choana. The displacement of this foramen is brought 
about by the filling up of the larval foramen, from in front, by juvenile 
septal cartilage, and a corresponding erosion of its postero-dorsal border. The 


foramen, therefore, does not only shift backwards during ontogeny but more 


dorsally as well. The increase in the extent of the preolfactory portion of the 


cranial side-wall is therefore brought about in the manner indicated above 
rather than by active growth of the latter. As a result of the filling up of the 
preolfactory extension of the cavum cranii the appearance of the foramen 


olfactorium is considerably changed. It is first sectioned as a shallow groove 
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Fig. 21 (X #11.1). Stage 6. Graphic reconstruction of the skull. Dorsal aspect. Mem- 
brane bones inserted only on right side. 


on the lateral surface of the original larval side-wall, which now forms the 
lateral surface of the internasal septum. In consecutive sections this groove 
becomes deeper and ultimately appears as a short tunnel bounded laterally by 
the older cartilage of the side-wall and medially, dorsally and ventrally by 
juvenile septal cartilage. Whereas it faced directly laterally in the larva, it 
now faces antero-laterally. In their course through the anterior end of the 
cavum cranii the olfactory nerves are partially separated from each other by 
a convex elevation of the cranial floor. This elevation is formed by the 
posterior extension of the juvenile septal cartilage. 

The internasal septum has already attained the adult shape. Since the nasal 
capsules develop laterally to the anterior portion of the larval cavum cranii, 
and since moreover, they diverge from each other anteriorly, the septum is 
very broad and flat compared with that of Rana. Its anterior end tapers into 
a median rostrum-like projection reaching forwards beyond the nasal capsules. 
Proceeding backwards the septum gradually becomes narrower and _ thicker 
until it attains the height and width of the anterior end of the cavum cranii. 

3eyond this region its height and width once more decrease, so that it forms 
the interolfactory elevation of the cranial floor. The nasal septum, therefore, 
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1). Stage 6. Graphic reconstruction of the skull. Ventral aspect. Mem- 
brane bones inserted only on left side. 


is the only structure which delimits the cavum cranii in front in Ascaphus, and 
the above description it is clear that this delimitation is not a vertical 
one, as in Rana. 

Since the distinction between the older and more juvenile cartilage is still 
preserved in the present stage it can be established, beyond any doubt, that the 
lamellar remnant of the trabecular flange, which complemented the solum 
nasi medio-ventrally in the last stage, has now disappeared. Thus the trabecular 
flange (trabecular horn, Pusey) contributes nothing towards the nasal capsule 


and the solum nasi is fused only to the trabecula and to the larval side-wall. 


The prechoanal intertrabecular cranial floor has now been completely 


destroyed along a broad tract and replaced by a floor of juvenile cartilage. The 
latter chondrified from the cell condensation referred to in this region of the 
previous stage. From the interchoanal region backwards the juvenile portion 
of the cranial floor gradually decreases in thickeness, and in doing so is 
complemented ventrally by the undestroyed portion of the original floor. 
.verywhere in the neurocranium the rugosity left by erosion is being smoothed 
out by the addition of juvenile cartilage cells. 

The deviation described for the foramen caroticum primarium in the pre- 


vious stage is not encountered in the present specimen. 
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Fig. 23 (X + 11.1). Stage 6. Graphic reconstruction of the skull. Lateral aspect. Membrane 
bones indicated by broken lines. 


The anterior tip of the notochord has not retreated since the previous stage, 
and there are no signs of the chondrification of its anterior portion described 
there. It has become still more bared dorsally and is now differentiated into 
three regions: an anterior showing incipient degeneration, a medial in which 
the notochord cells seem to have disappeared almost completely, leaving a 
cavity lined by the notochord sheeth, and finally, a posterior, ventrally un- 
covered region in which the notochord cells have been replaced by cartilage 
cells. It appears that, posteriorly to the foramen perilymphaticum accessorium, 
the notochord cells may have been replaced by mesenchymatous cells which 
have subsequently become chondrified, whereas, anteriorly to the foramen 
referred to, juvenile cartilage cells have migrated into the excavated notochord 
3 


from the dorsal surface of the planum basale. Between the occipital condyles 


the mesenchyme inside the notochord has not yet chondrified. 


2. The side-wall of the neurocranium and its foramina. 


The more or less rectangular cross-section of the cavum cranii, in the orbital 
region of the first and subsequent stages, has now changed to a roughly 
spherical one. Perichondral ossification has set in along the anterior border 
of the foramen opticum which has been still more enlarged since the previous 
stage. The pila metoptica consists of very juvenile cartilage, but the foramen 
oculomotorium is not subdivided as in the previous stages. 

The processus ascendens has been destroyed to the extent obtaining in the 
adult. It is now completely detached from the palatoquadrate and anteriorly 
to the foramen prooticum it is represented only by a distinct horizontal ridge 
of the side-wall (fig. 23). This ridge proceeds backwards beyond the anterior 
border of the foramen prooticum as a free cartilaginous bar whose hind end is 
fused to the antero-medial wall of the auditory capsule. It thus divides the 
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foramen prooticum into dorsal and ventral divisions. The dorsal division re- 
presents the dorsal trigeminal outlet of the previous stages and transmits the 
same nerves. The foramen prooticum therefore reaches exceptionally far 
dorsad in Ascaphus. The r. ophthalmicus profundus V, v. orbitonasalis and 


the n. abducens still lie ventral to this remnant of the processus ascendens. 


3. The auditory capsule. 


The anterior, antero-dorsal and antero-ventral borders of the fenestra ovalis 
are not yet covered with perichondrium. The operculum is still increasing in 
size. Posteriorly its medio-dorsal surface is in the process of fusing with the 
dorsal border of the fenestra and with the auditory capsule postero-dorsal to 
it. This is the first stage in which indistinct muscular insertions are encountered 


on the posterior end of the operculum. 


4. The cartilaginous cranial roof. 


The perichondral ossification of the crista occipitalis lateralis has now in- 
vaded the postero-lateral portion of the tectum synoticum. Perichondral ossi- 
fication has also set in on the labyrinth side of the medial wall of the auditory 
capsule, between the perilymphatic foramina. The enchondral ossification of 
the crista has spread slightly ventrad towards the medial capsular wall and has 

reached the occipital condyle. The foramen jugulare is, for the first 


completely within perichondral bone. 


5. The palatoquadrate complex. 


‘artilaginous subocular bar has more or less gained the adult shape 
21), and is invested by the membrane bones of the adult. The processus 
illaris posterior is no longer marked off from the lamina orbitonasalis, 


and the nerve, referred to in this connexion in stages 4 and 5, no longer 


penetrates the cartilage. It is fairly certain that the processus maxillaris 


posterior reaches backwards to the level of the pila metoptica. 

It is aln impossible, in this stage, to determine with absolute certainty 
the extent to which the larval processus oticus has been destroyed. Apparently 
its destruction has proceeded very gradually and, simultaneously and equally 
gradually, a secondary attachment of the palatoquadrate to the auditory capsule 
has developed. That portion which was fused to the anterior face of the 
auditory capsule has either been destroyed in toto or may have been carried 
downwards and backwards by the rotating palatoquadrate after it had become 
detached from the auditory capsule. One is justified in this conclusion for the 


antero-ventral face of the auditory capsule, the preauditory portion of the 
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Fig. 24 (X 22.2). Stage 6. Semi-diagrammatic reconstruction of the most important nerves 
and bloodvessels of the suspensorial region. Lateral aspect. 


foramen prooticum and the foramen caroticum primarium have, for the first 
time, become visible in lateral view (fig. 23). The ganglion geniculatum, which 
was still partially exposed behind the palatoquadrate body in the previous 
stage, has disappeared from lateral view and the junction between the processus 
pterygoideus and the body of the palatoquadrate has been displaced from a 
position opposite the foramen oculomotorium to the level of the foramen 
caroticum primarium. The articular facet of the palatoquadrate now lies 
opposite the anterior portion of the fenestra ovalis, and the hind end of the 
palatoquadrate body reaches backwards to the level of the foramen perilym- 
phaticum accessorium. This backward extension of the palatoquadrate is, how- 
ever, only partly due to the rotation of the latter, for juvenile cartilage has 
been added to it posteriorly and laterally to the facet, complementing the 
latter behind (juv.art.fac., fig. 25). This cartilage is probably derived from 
cells liberated by the erosion of the palatoquadrate body. 

The caudo-rostral erosion of the processus oticus has not yet proceeded 
beyond the level of the secondary foramen faciale (sec.for.fac., fig. 25 B), so 
that a portion of it has remained almost intact between the latter foramen and 
the foramen prooticum. The palatoquadrate body has, moreover, been dis- 
placed upwards still further so that the tip of the undestroyed portion of the 
process has become pressed against the ventro-medial surface of the orbital 


squame of the squamosal (fig. 25 A). It therefore projects well beyond its 
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Consecutive transverse sections through the region of the 
basicranial articulation. 


former line of fusion to the auditory capsule. The palatoquadrate body, which 
has also been displaced sideways, is here pressed lightly against the auditory 
capsule to which it is connected by means of cartilage debris and disintegrated 
cells derived from the larval processus oticus. Posteriorly to this a bar of 


juvenile cartilage has become fused to the auditory capsule in the region where 
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previously the larval processus oticus had been fused to it (ad.cr.par., fi 


‘ 


g. 25). 


It proceeds backwards to the foramen for the “critical vein” forming its lateral 
border. For a short distance beyond this foramen it is present as a thin lamella 
of juvenile cartilage along the lateral surface of the capsular crista parotica. 
The chondrification of this bar proceeded in a caudo-rostral direction i.e. in 
the same direction as that in which this portion of the larval processus oticus 
was eroded away. The chondrification is not yet completed anteriorly, and 
the bar passes imperceptibly into the tissue referred to as effecting the se- 
condary connexion of the palatoquadrate body to the auditory capsule. It is 
almost certainly derived from the disintegrated tissue of the larval processus 
oticus, mentioned in the previous stage, and together with the undestroyed 
portion of the latter it forms the first anlage of the pars cartilaginea (GaAupP 
1896) of the adult crista parotica, i.e. the anterior part of the latter. This 
anterior portion of the adult crista parotica (ad.cr.par.) will, in the subsequent 
discussion, be homologized with the adult processus oticus. 

The adult processus basalis has more or less retained its former shape 
although it has become more completely chondrified and has greatly increased 
in size. Its relation to the palatoquadrate flange has, however, changed con- 
siderably. The ridge of the latter, to which it was previously attached, has 
been completely eroded away. Since the relation of the process to the audi- 
tory capsule has remained essentially unaltered, the palatoquadrate body must, 
during its own displacement, have glided backwards and upwards along the 
lateral and latero-dorsal surfaces of the process. As a result of this the pro- 
cessus basalis is now loosely applied to the palatoquadrate body at the height 
of its junction with the processus pterygoideus (fig. 22). Moreover, the ventro- 
medially facing flat surface of the processus basalis now lies in the same hori- 
zontal plane as the ventro-medially facing surface of the palatoquadrate body, 
and both these surfaces are invested by the subotic wing of the pterygoid 
(cf. figs. 25 A and 18 A). From the dorsal edge of the posterior triangular 
portion of the processus basalis a sheet of unchondrified tissue (quad.debr., 
fig. 25 A) stretches upwards along the medial surface of the palatoquadrate 
body to the tissue effecting the attachment of the latter to the auditory cap- 
sule. Whether this tissue is being liberated entirely by the erosion along the 
medial surface of the palatoquadrate body or whether it in part represents 
residual tissue of the larval processus oticus is difficult to decide. It is the 
first anlage of the processus dorsalis (KRUIJTZER) of the processus basalis. 

The anterior, antero-lateral and latero-dorsal surfaces of the adult auditory 
ledge are still connected to the posterior surface of the processus basalis and 
to the medial surface of the palatoquadrate body by means of a mass of 
unchondrified tissue liberated from the palatoquadrate. It is important to note 
that the auditory ledge and the processus basalis apparently still increase in 


size through chondrification from this tissue. This suggests that the palato- 
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tage 6. Semi-diagrammatic reconstruction of the most important nerves 


bloodvessels of the suspensorial region. Ventral aspect. 


is stage contributes towards the formation of the adult 
The erosion of the palatoquadrate and the recondensation of 
led tissue have proceeded in such a way that a shallow groove is being 
along the ventro-medial edge of the palatoquadrate body. The antero- 
| the auditory ledge fits almost exactly into this groove which 

juely backwards and sideways parallel to it. 
r tip of the juvenile cartilage (con.cart., fig. 25 B) which effects 
vension of the cornu hyale to the auditory ledge lies dorso-laterally to 


lateral edge of the ledge in the present stage. The cornu hyale, 


1¢ appearance of being hooked round the postero-lateral border 


G. STAGE 7 


ippearance : Adult length from tip of snout to vent 36.4 mm. 


nparison of figures 21 and 27 shows that, apart from the suspensorium, 
lifferences between the skull of the previous stage and that of the adult 


slight and chiefly concern the ossifications in the orbital and orbito- 
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Fig. 27 (X +83). Stage 7. Graphic reconstruction of the skull. Dorsal aspect. Mem- 
brane bones inserted only on right side. 


t. The anterior end and the floor of the neurocraniwn. 


The histological distinction between the older larval side-wall and younger 
septal cartilage has now disappeared. The posterior end of the septum does 
not form a vertical anterior wall to the cavum cranii (fig. 27); on the contrary, 
when passing forwards from behind, the floor of the cavum cranii gradually 
becomes thicker until, at the anterior margin of the foramen olfactorium, it 
attains the same thickness as the posterior end of the septum. This is due to 
an increase in the interolfactory elevation of the cranial floor referred to in 
the previous stage. In addition, that portion of the side-wall which bounds 
the foramen olfactorium dorsally has been further reduced and the foramen 
(actually a short tunnel) slopes medio-dorsally to such a degree that its cranial 
cavity division is visible on the dorsal surface of the skull (for.olf., fig. 27). 
The foramen may also have been displaced slightly more backwards. 

The cross-section of the cavum cranii has changed significantly: it seems 
to have been compressed dorso-ventrally to such an extent that, in the region 
of the lamina orbitonasalis, the ventral surface of the floor has become almost 


concave. Proceeding backwards it gradually becomes slightly rounded towards 
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‘der of the foramen opticum beyond which it retains its convexity. 
is change in the ventral surface of the cranial floor may have been partially 
ught about by the erosion of that part of the basis cranii which in the 

stage had been left intact dorsally to the parasphenoid. It may also 
it of the obvious downward deflection of the anterior portion of the 
1 in figure 29 (see below). It may meanwhile be noted that 
deflection occurs in the region where the dorso-ventral com- 
the cavum cranii is most marked and which coincides with that 
the larval cranial floor has been, either entirely or to a great 

by a floor of juvenile cartilage. 
foramina are present but the foramen cranio-palatinum is 
ally by the parasphenoid. The palatine branch of the a. carotis 
traversing this bone, proceeds forwards for a short distance 


floor and the parasphenoid, and then passes downwards 


foramen in the latter (for.a.pal., fig. 28). The foramen caroticum 
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The transformation of the notochord is not yet completed and it can still 
be traced from the foramen magnum to the level of the foramen endolym- 
phaticum. it has been greatly compressed from side to side and still shows 
three regions. Anterior to the level of the fenestra ovalis it is represented 
by a rod of juvenile cartilage, quite distinct from the planum basale, which 
it divides into two halves. Behind the anterior border of the fenestra it is 
covered ventrally by juvenile cartilage, but, although it has sunk well below 
the dorsal surface of the planum, the two halves of the latter have not yet 
fused to each other dorsal to it. Instead they are separated from each other 
by a narrow fissure which permits the migration of cartilage or procartilage 
cells from the dorsal surface of the planum into the cavity left after the 
degeneration of the notochord cells. A short portion of this space, behind the 
anterior border of the fenestra, has not yet been completely filled up in 
this way. 

The planum basale has been invaded by both the prootic and exoccipital 
ossifications (figs. 27 and 28). The former reaches forwards as far as the 
posterior division of the foramen prooticum and backwards to the level of the 
foramen endolymphaticum. The exoccipital ossification, which is more extensive 
than the former, reaches to the level of the foramen acusticum posterius. A 
broad band of cartilage persists along the median sagittal axis of the planum 


up to the foramen magnum. 


2. The side-wall of the neurocranium and its foramina. 


The ossification of the cranial side-wall is outlined in figure 29 (orb.sph.) 
and corresponds more or less to the description of it given by DE VILLIERS 
(1934). The perichondral ossification reaches forwards beyond the enchondral 


ossification, and the external lamella reaches beyond the internal lamella. The 


dorsal surface of the side-wall is not covered by a continuous bony lamella, 


and a variable amount of residual cartilage is still present in the region of 
enchondral ossification. In contrast to the specimen described by DE VILLTERS 
the parasphenoid for some distance actually overlaps the ventral perichondral 
lamella of the orbitosphenoid. This ossification is again referred to below. 
Since the pila metoptica is entirely absent in this specimen the optic and 
oculomotor foramina are confluent (for.opt.oc.). However, the posterior (ocu- 
lomotor) portion of this compound foramen is nowhere bounded by bone, 
and the rather juvenile cartilage forming its ventral border may represent the 
ventral portion of the secondary pila which, in this specimen, failed to chon- 
drify completely. Moreover, this portion of the foramen is subdivided into 
dorsal and ventral divisions by a strut of cartilage (car.arc.) projecting for- 
wards from its posterior border (fig. 29). Since the n. oculomotorius and the 
a. ophthalmica magna resp. passes out dorsally and ventrally to it (fig. 30), 
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must be the same as the bar subdividing this foramen in the pre- 


s. In some specimens its anterior tip may be fused to the postero- 


‘der of the compound foramen in front of the n. oculomotorius thus 
the impression of a nerve foramen lying dorsally to the foramen 
certain that it was this dorsal division of the foramen 
DE VILLIERS (1934) interpreted as the foramen troch 
found to be separated from the foramen opticum “by 
(p. 18). An additional adult specimen prepared by my 
optic and oculomotor foramina separated by a thin pila metoptica. 
essus ascendens has retained the relations of the previous stage but 
ne almost completely ossified (fig. 31) so that the dorsal trige- 
t is now completely lined by bone. It is impossible to ascertain 
ossification originates, for, in the very first stage to show ossifica- 
it is present as a continuous bony lamella reaching from the 
he medial capsular wall to the medial surface of the process. 


that it 


its posterior portion, which is fused to the auditory 


more extensively ossified than the anterior portion, perhaps sug- 


1€ Ossification is actually of prootic origin. 


auditory capsule 


‘d figures, the specimen of Ascaphus described by 
re completely ossified skull than the one described 


wall of the auditory capsule is by far the best 
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Fig. 30 (X £16.6). Stage 7. Semi-diagrammatical reconstruction of the most important 
nerves and bloodvessels of the suspensorial region. Lateral aspect. 
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Fig. 31. Stage 7. Transverse section through the foramen prooticum and the processus 
ascendens. 


ossified. In fact, the enchondral ossification is almost restricted to this region 
and to those parts adjoining it. 

The foramina perforating the medial wall have remained unaltered, and 
bE VILLIERs’s description fits them perfectly. The posterior subcapsular cavity 


is still present and lies behind the level of the foramen perilymphaticum acces- 
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and the posterior border of the fenestra ovalis. The lagena does not 


rly project into it any longer and it has become lined by perichondral bone. 
\ comparison of the present specimen with the one described in stage I 


} 


‘ly brings out one interesting point: the relative thickness of the two por- 

f the capsular floor, medially and laterally to the subotic ridge, have 

lly become reversed during ontogeny (cf. figs. 4 A and 34 A). Obviously 

result of the retarded but continued chondrification of the true floor 

the auditory capsule. The auditory ledge, which will be referred to again, 

vas clearly preserved its distinctness from the auditory capsule (fig. 34) and 

ives no doubt that the larval ledge was substituted in toto by a new adult 

lge which has the same relations to the auditory capsule, nerves and blood- 
as its larval precursor. 

operculum is slightly calcified and it has become fused to the dorsal 

r of the fenestra ovalis and to the lateral capsular wall behind it, although 


fusion is not a very intimate one. The fusion reaches from the level 


men perilymphaticum accessorium almost to the hind end of the 


m. opercularis is now firmly inserted onto it. 
ilage has been added laterally onto the ventral border of the 
alis, thus producing the only signs of a fossa fenestrae ovalis. 
cartilage which, in previous stages, was stated as being added 
‘sal surface of the capsular floor in the region of the fenestra, can 
be distinguished from the underlying, older cartilage. It has greatly in- 
d in extent since it was first noticed and forms an elevation to the 


floor in the posterior region of the fenestra. 


1. The cartilaginous cranial roof. 


synoticum has been invaded from in front by the prooticum 
greater extent from behind by the exoccipital, but it is less exten- 


ified than the specimen described by DE VILLIERS ( fig. 27 )- Its 


which was the last to chondrify, is clearly distinguishable from 


5. The palatoquadrate complex. 


ioned elsewhere the most important changes involved in the trans- 


th 


skull of the previous stage to the adult concern this complex. 

these changes amount to a still further reduction of the original larval 
Irate body and a corresponding increase in the bulk of the more 
elements. 

By further erosion the still massive remnant of the palatoquadrate body of 
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the previous stage has become reduced to a flat plate of cartilage. In lateral 
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view (fig. 29) this plate is roughly triangular. It is placed almost vertically 
(fig. 33), laterally to the auditory capsule, with the apex merging into the adult 
processus oticus which, in turn, is fused onto the auditory capsule and crista 
parotica. The base of the triangle lies more or less in the same horizontal 
plane as the basis cranii. The dorsal portion has rotated slightly outwards 
and may have been forced away from the auditory capsule by the adult pro- 
cessus oticus (anterior portion of the crista parotica) which has become much 
more massive. The ventral portion has rotated farther backwards so that it 
now partially covers up the antero-ventral division of the fenestra ovalis in 
a lateral view (fig. 29). The juncture of the processus pterygoideus and the 
palatoquadrate body lies just in front of the level of the foramen palatinum. 
The pars articularis lies entirely in the region of the fenestra ovalis and has 
ossified autochthonously as recorded by DE VILLIERsS. For the first time the 
anterior end of the processus basalis can be seen in front of the palato- 
quadrate body in lateral view. 

Apparently the exceptional downward deflection of the anterior end of the 
cranial base and the nasal septum, referred to elsewhere and_ illustrated in 
figure 29, is associated with this additional rotation of the palatoquadrate sub- 
sequently to the previous stage. It will be remembered that the cranial floor 
was greatly weakened by the entire destruction of it in front of the choanae 
and by considerable erosion of its ventral surface behind the choanae in stages 
5 and 6. The latter erosion has, since the previous stage, spread backwards 
almost to the level of the foramen opticum. Moreover, the arcus subocularis 
was already completely chondrified and firmly fused to the lamina orbito- 
nasalis in the previous stage. The backwardly rotating palatoquadrate would 
therefore have excerted a considerable pull on the lamina, whereby the weakened 
cranial floor could have been deflected in the manner shown, causing the base 
of the semi-tubular anterior portion of the cavum cranii to be indented as it 
were. At the same time the posterior portion of the arcus subocularis was car- 
ried upwards and the anterior portion lowered, thus accounting for the unusual 
shape of the adult orbit when viewed laterally. Also, the lateral portion of 
the lamina orbitonasalis was drawn backwards and the arcus subocularis bent 
in such a way that the maximum width of the orbit was displaced backwards. 
The fact that the frontoparietal bone which, in all the previous stages, slanted 
in a medio-dorsal direction, now lies almost horizontally (fig. 31) may also 
be a direct result of this deflection. 

The processus basalis has greatly changed its shape as well as its apparent 
relations to the auditory capsule, auditory legde, adult processus oticus and 
palatoquadrate body. Whereas in the previous stage it lay entirely lateral to 
the subotic ridge and antero-lateral to the auditory ledge (figs. 25 A and 22 
resp.), transverse sections create the impression that it has come to underlie 


both these structures in the adult. In fact, as described and figured by DE VIL- 
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s (see also figure 34 B of this paper) its ventro-medial edge seems to have 


wen drawn out into a prominent ledge projecting medially underneath the aud1- 


t to the foramen palatinum. This led Pusey (1938) to con- 


pelma, the processus basalis rests on the auditory iedge in- 
lying underneath it, as in Ascaphus 


reful examination of several microtomised skulls of 


Ascaphus, as well 
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ol he basicranial articulation 


iopelma, however, have convinced me that DE VILLIERs’s figure 
7B on p. 20 is very misleading and that, consequently, Pusry’s conclusion 
aased on it, does not hold good. Not only does this ledge of the processus 
asalis appear to be unequally developed on the left and right sides of the 
skull but, in those cases where it is apparently exceptionally well developed 
on one side, it seems to be almost absent on the other. To my mind these 
differences are apparent and are mainly due to different orientation of the 


imens while they were being microtomised. This will be explained sub- 


The process of development whereby the adult condition is reached has al- 
ready been indicated in the previous stage, and although no intermediate stages 
in which it could be traced were available, it has most probably proceeded as 
The medial surface of the palatoquadrate body continued to be eroded 
in the manner indicated in the previous stages and the liberated tissue accu- 
mulated along the medial surface of the palatoquadrate body, dorso-laterally, 
laterally and ventro-laterally to the anterior portion of the auditory ledge. 
It also spread forwards along the ventro-medial and latero-dorsal surfaces of 
developing processus basalis and merged dorsally into the adult processus 
oticus. The anterior edge of the auditory ledge, therefore, projected into this 


ass of unchondrified tissue from behind. Subsequently the latter chondrified 
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Fig. 35 (X + 16.6). Ascaphus truet, additional adult specimen. Transverse section through 
the foramen palatinum. 


in continuity with the processus basalis and the adult processus oticus, but 
independently of the auditory ledge and the palatoquadrate body, to form 
the adult processus basalis. The latter therefore became directly fused to the 
processus oticus by what, for the sake of convenience, will be referred to 
as the processus dorsalis of the processus basalis (pr.dors.). Ventrally, along 
the posterior surface of the latter, a groove (gr.pr.bas., figs. 34 and 35) 
was Icft for the reception of the anterior edge of the auditory ledge. 
The processus basalis therefore articulates with the anterior edge of the 
auditory ledge by means of an elongated ball-and-socket joint, but although 
it is connected to the dorsal and ventral surfaces of the auditory ledge by 
dense connective tissue (fig. 34 B and C), there is no question of a synovial 
cavity. It is most important to note that the groove slopes backwards and out- 
wards almost transversely to the sagittal axis of the skull. A transverse section 
of the skull through this region, therefore, almost cuts the groove along its 
longitudinal axis and the section consequently shows a long ledge of cartilage 
underlying the auditory ledge in the manner figured (fig. 34 B). If the orienta- 
tion is faulty, the groove would be cut sagitally on the one side and almost 
transversely on the other where the ledge of the processus basalis would then 
appear to be either very much reduced or absent. The groove under discussion 
was already indicated in the previous stage where it was bounded by unchon- 
drified tissue. The juvenile character of the processus basalis is still preserved in 
the adult specimen (fig. 34). During its backward rotation the palatoquadrate 
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body continued to move along the lateral surface of the processus basalis so 
that, as already stated, a considerable portion of the latter is visible in front 
of the former in a lateral view of the adult skull (fig. 29). Moreover, whereas 
it is intimately fused to the medial surface of the posterior end of the pro- 
cessus pterygoideus, only the postero-lateral surface of its processus dorsalis 
is, to a variable degree, fused to the antero-medial surface of the palatoquadrate 
body. In fact, in one specimen it is separated from the palatoquadrate body 
by a pronounced layer of connective tissue reaching to the level of the gang- 


Jt 


lion geniculatum (fig. 3: 

The auditory ledge has remained more or less unaltered. Its juvenile cha- 
racter is clearly indicated (fig. 34 C), and is further accentuated by the fact 
that the perichondral ossification of the auditory capsule only reaches to its 
base of attachment to the latter (fig. 34 B). Its postero-lateral corner is drawn 
out into a hook projecting backwards close to the medial surface of the palato- 
quadrate body. The cornu hyale may either be fused with or articulated to this 
hook. 

The adult processus oticus has become more massive and reaches backwards 
to the level of the anterior border of the fenestra ovalis as a ridge of juvenile 
cartilage fused to the auditory capsule laterally to the lateral semicircular canal. 


As remarked by pE VILLIERs, its line of fusion to the auditory capsule remains 
] 


istinct (fig. 34 C) as an indication of its separate origin. PUSsEy’s “‘criti- 
cal vein” cannot be traced in this stage, and also its foramen has closed up. 
n only a few sections does the anterior end of the processus oticus appear 
entirely free from the auditory capsule. /t does not reach forwards beyond 
the level of the foramen acusticum anterius, and its degree of elevation differs 
in different specimens. Furthermore, its anterior end is, in some specimens, 
clearly composed of a lateral portion of older cartilage invested by the squamo- 
sum, and a medial portion of juvenile cartilage. The former obviously repre- 
sents the undestroyed tip of the larval processus oticus which is completely 
eroded away and rechondrified in some specimens. 

The relations of the most important nerves of the suspensorial region were 
correctly described by DE VILLIERS (1934) and have been schematically recon- 
structed in figures 30 and 36. 

In view of the subsequent discussion the thymus gland may also be referred 
to here. As recorded by pE ViLtiers this gland is unusually large in Ascaphus. 
Although its greater portion lies quite normally behind the r. hyomandibularis 
VII, its anterior end projects forwards, dorsally across the latter nerve, and 
into the cranio-quadrate passage from behind. It is practically pressed against 
the lateral wall of the auditory capsule and the ventral surface of the crista 
parotica. Opposite the anterior end of the fenestra ovalis it divides into two 
portions: the one retains the position just described, but above the fenestra, 


whereas the other portion diverges laterally and proceeds backwards medially 
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30 (X + 16.6). Stage 7. Semi-diagrammatical reconstruction of the most important 
nerves and bloodvessels of the suspensorial region. Ventral aspect. 


to the cornu hyale. Both portions disappear from section opposite the anterior 
border of the articular facet of the palatoquadrate. Although this gland has not 
been traced throughout the larval and juvenile stages, its relations to the adult 
neurocranium certainly differ strikingly from those in Rana. Pusey (1943) 
refers to this gland in connexion with the identity of the larval processus 
oticus of Xenopus. 


V. SUMMARY OF THE DEVELOPMENT OF THE 
CHONDROCRANIUM. 


1. The anterior end and the floor of the neurocraniwn. 


The very first evidence of incipient metamorphosis, as far as the cranial 
structures are concerned, is furnished by the third stage in which all four legs 
are already well developed. The transformation of the larval sucker into 
the mouth of the adult probably commences with the disintegration of the 
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sucker epithelium, resulting in the loss of the horny tooth-blades. At the same 


ta? 


ne the oral fold also disappears. 


lhe suprarostral cartilages, already fully formed in the first stage, almost 


double their dimensions up to the second stage, after which their destruction, 


unvaled by the disintegration of the supporting subrostral tissue, commences. 


(hese cartilages are destroyed both enchondrally and perichondrally. The de- 


struction 


first se 


ts in along the subnasal ledges, the posterior borders of the 


rarostral flanges and the dorso-medial surfaces of the lateral suprarostral 


rs. During metamorphosis the latter undergo slight rotation to a more 


position and are displaced slightly sideways and backwards. The de- 


spreads to the median suprarostral plate which is likewise destroyed 


caudo-rostral direction. The entire suprarostral system disappears after 


in +, 1.€. 


after the sucker had already been replaced by a mouth, the angles 


which reach to the anterior margin of the foramen opticum. The fate of 


the preoral buccal cavity will not be dealt with here. 


During 


the development the olfactory foramen gradually shifts backwards 


from a position far in front of the notch for the internal nostril to one oppo- 


. 1 
ite he 


al 


iterior division of the choanal region. This is brought about by the 


rogressive filling up of the foramen from in front, by the cells chondrifying 


tr 


uction 


and originating from the cranial floor in that region, and 


f its postero-dorsal border. Whereas the olfactory foramen 


lly opens directly mediad, it is ultimately transformed into a very short 


opening 


17 
ul 


nel 


Dv 


the 


in a postero-medio-dorsal direction into the cavum cranii. 


is bounded antero-medially by the septal cartilage and postero- 


side-wall. 


anterior end of the larval cranial floor of Ascaphus seems to be a 


transitory structure, it would, in the present state of our knowledge, be useless 


pt 


a discussion of its homologies. In fact, the prechoanal cranial floor 


pletely eroded away, the liberated cells contributing towards the forma- 


the posterior portion of the septum nasi. Thus the cranial cavity and 


to the notch for the internal nostril disappears completely 


by the posterior portion of the septum nasi which actually 


adult cranial cavity in front in the manner described in stage 7. 


in the specimen described in stage 1, there are no signs of an 


indicated by the histology of the cartilage forming the cranial floor in an 


Nal 


ave 


chondrite 


i 


specimen. The sharp line of junction of the juvenile to the older 


seems to suggest that the basicranial fenestra is closed up by indepen- 


‘ation of the membrane covering it. This it quite in agreement 


the conditions in Kana (Gavupp, 1893). It is interesting to note that the 


en cranio-palatinum which in Rana disappears after metamorphosis, per- 


into the adult stage in Ascaphus. It is, however, covered ventrally by the 
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parasphenoid, and consequently the palatine branch of the a. carotis interna has 
to traverse the parasphenoid on its way to the palate. The foramen caroticum 
primarium also persists as an entirely separate foramen from the foramen 
oculomotorium, and the a. carotis interna therefore retains its larval course in 
the adult. The course of this bloodvessel remains fairly constant throughout 
the development of the skull. 

The trabecular flanges (trabecular horns) are destroyed in toto and contri- 
bute nothing towards the nasal capsules. Commencing along their medial sur- 
faces, the enchondral destruction also spreads to that portion of the basis cranii 
posterior to the notch for the internal nasal opening. Although, in stage 4, 
it is restricted to the lateral margins of the cranial base, i.e. to those portions 
representing the original trabecular bars, it gradually spreads mediad to embrace 
the entire cranial floor anterior to the parasphenoid. It also spreads backwards 
along the lateral edges of the parasphenoid almost to the level of the fora- 
men opticum. Beyond the latter the thickness of the basis cranii is reduced 
by perichondral erosion, especially along its ventral surface, up to the foramen 
cranio-palatinum. The thickness of the basis cranii, including the trabeculae, 
is therefore reduced to a variable degree from between the choanae up to the 
foramen cranio-palatinum. This widespread reduction of the basis cranii is, 
to my knowledge, unparalleled in the ontogeny of anuran skulls, and it is of 
special interest to note that the reduction of the trabecular bars spreads for- 
wards beyond the commissura quadrato-cranialis anterior — in fact right up 
to the trabecular flanges. The rugosity of the cartilage left by the process of 
erosion is subsequently smoothed out by the apposition of juvenile cartilage 
cells. 

Apart from its anterior and occipital portions, which are not covered by 
cartilage ventrally, the notochord is, in the first stage, completely ensheathed 
by the cartilage of the planum basale. Up to stage 3 the latter structure 
increases in thickness, so that its dorsal surface becomes slightly convex, but 
it is subsequently flattened out by erosion. The latter is so pronounced that 
the notochord is completely bared dorsally between the levels of the foramen 
acusticum medium and the foramen perilymphaticum superius; this has an 
important bearing on the ultimate fate of the notochord. Although, sub- 
sequently, juvenile cartilage is once more added to the dorsal surface of the 
planum, the two halves of the latter have not regained confluence dorsally 
to the notochord in the adult specimen. 

There seems to be some variability in the method of substitution of the 
notochord by cartilage, especially that portion posterior to the foramen acusti- 
cum medium. The anterior end, up to the latter foramen, typically degenerates 
and is replaced by the cartilage of the planum basale in the manner described 
by Gavurp (1893) for Rana. However, the details of this replacement process 
seem to vary in different regions of the notochord. The amorphous substance 
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found dorsally and ventrally to the notochord in stages 3 and 4, and which, 
according to certain investigators seems to be associated with the substitution 
of the anterior portion of the notochord, is strongly reminiscent of what 
) refers to as follows: “Dit opdringende kraakbeen 


KRUIJTZER (1931, p. 


32 
is echter hoofdzakelijk kraakbeengrondstof, zoodat de chorda door een ring 


van chondrine is omgeven, waarin nagenoeg geen cellen worden aangetroffen.”’ 
In no single specimen, however, was this substance seen to reach right up to 
end of the notochord, so that, in Ascaphus, this portion is re- 
the cartilage of the planum basale without the intervention of this 
substance. On the contrary, in the stages referred to, it could be traced back- 
wards well beyond the foramen acusticum medium. 
‘he more or less constant way in which the notochord between the foramen 
m medium and the foramen perilymphaticum superius is replaced by 
age, 1s by autochthonous chondrification of the notochord tissue. Among 
my own material only one specimen (stage 5) affords indications of chondri- 
of this kind, but even there the sections are not of such a nature that 
ld be established beyond any doubt. 
More typical for Ascaphus is the invasion of this portion of the notochord 
cartilage of the planum basale, which only takes place after metamorphosis. 
this respect Ascaphus agrees with Dipnoi and Selachii, but differs from 
lin phil 1a (DE BE! R, 1937). As stated above, the notochord is laid bare 
erosion of the dorsal surface of the planum. While this is in pro- 
lls of the notochord degenerate, leaving an open space, which, 
notochordal sheath subsequently ruptures dorsally, communicates 
the cavum cranii. It could be established beyond any doubt that this 
is filled up with the cartilage cells liberated by the erosion of the planum 
igration of these cells into the cavity left in the position of the 
ll in progress in the adult stage, where, although the planum 
has become greatly thickened once more, its two halves are still sepa- 
each other by a narrow fissure dorsal to the notochord. From the 
ilare backwards the invasion of the notochord takes place from the 
and the cells invading it resemble mesenchyme rather than 
(op. cit.) reports a similar invasion of the notochord of 
‘ cartilage cells from its ventral surface. 
is evident that a portion of the notochord persists into 
a feature usually considered to be neotenic. This is supported 
VILLIERS (1934) who, although he does not refer to it in the text, 


figures a persistent notochord in fig. 12, p. 33. 
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2. The side-wall of the neurocranium and its foramina. 


This portion of the neurocranium is already completely chondrified in the 
most juvenile specimen. This fact, together with those concerning the cranial 
floor and auditory capsules, affords the most striking evidence of the pro- 
nounced acceleration of the initial development of the larval skull of Ascaphus. 

The anterior part of the topographical side-wall in stage 1 is pierced by 
a foramen transmitting the olfactory nerve. In Rana the olfactory foramen 
is apparently differently situated, a fact already commented on by Pusey. It 
would require the examination of still younger stages to determine whether 
these foramina are completely homologous. Apart from this foramen, the side- 
wall is also pierced by the optic and aculomotor foramina but not by a fora- 
men trochleare. On the contrary the n. trochlearis emerges over the dorsal 
free edge of the side-wall, antero-dorsally to the foramen opticum. Both the 
pila metoptica and the pila antotica are present, the latter forming the anterior 
border of the foramen prooticum, which in Ascaphus is actually a foramen 
trigeminum. 

The development of the side-wall from this stage onwards seems to vary 
rather strikingly in some respects. The foramen opticum becomes very much 
enlarged through enchondral destruction of its borders on a grand scale. The 
maximum erosion proceeds in a rostro-caudal direction, destroying the pila 
metoptica and carying the posterior border of the foramen aculomotorium 
farther backwards. Furthermore, the erosion spreads so far ventrad that a 
large portion of the original trabecular bare is destroyed in this region. The 
pila metoptica may or may not be functionally replaced by juvenile cartilage ; 
for although it is again present in some of the stages intermediate between 
the third (at which it was destroyed) and the seventh (adult), it is absent 
in others. Moreover, it is absent in the adult specimen chosen for the seventh 
stage, so that the optic and oculomotor foramina are confluent. Similar condi- 
tions obtain in the specimen examined by DE VILLIERS (1934), who, how- 
ever, misinterpreted the relations of the foramen in this region. Yet a pila 
metoptica is present in an additional adult specimen examined by me. 

The enlargement, by erosion, of the optic and oculomotor foramina, is also 
referred to in Rana (Pusey 1938) and Calyptocephalus (REINBACH 1939), 
although, in the former, the erosion is restricted to the ventral borders of these 
foramina i.e. to the trabeculae. 

I<qually variable is the cartilage arcade dividing the foramen oculomotorium, 
either partially by projecting from its anterior border, or completely by stretch- 
ing right across it. In stage 7, where the pila metoptica is absent, it projects 
freely from the posterior border of the foramen. It may be present on one or 
both sides of the skull, or it may be entirely absent. Whenever present, the 
n. oculomotorius emerges dorsally and the. a ophtalmica magna ventrally to it. 
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In stage A of Calyptocephalus (REINBACH 1939) the oculomotor foramen 
is similarly divided: completely on the right but incompletely on the left side 
the skull. A separate foramen for the a. ophthalmica is described for the 
larva of Heleophryne (RAMASWAMI 1944). This arcade is reminiscent of the 
supratrabecular bar (taenia interclinoidalis) (DE BEER 1937) which often, in 
forms, may either unite the pila metoptica with the pila antotica or 
nay be present as anterior or posterior clinoid processes. The a. ophthalmica 
and vy. hypophyseos emerge ventrally and the n. oculomotorius dorsally to it. 
Apparently the greatest increase in the length of the side-wall is brought about 
by interstitial growth of the cartilage between the optic and olfactory fora- 
ina. 

In general the entire side-wall is, in stages older than stage 3, reduced by 
weak perichondral erosion. 

The orbitosphenoidal ossification sets in along the anterior border of the 
foramen opticum after metamorphosis is completed. Thence it spreads in all 
directions to reach the dimensions outlined in the reconstructions of the adult 
specimen. As recorded by DE VILLIERS (1934) it is paired in the adult, and, by 


definition, represents a true orbitosphenoid. An os-en-ceinture, in the usual 


sense, 15, therefore, absent in Ascaphus. 


The foramen prooticum is, in stage 1, obscured on account of the extra- 
ordinary development of the processus ascendens, the commissura quadrato- 
ilis anterior and the palatoquadrate body; it is not until stage 6 that it 
becomes visible in lateral view. It is delimited anteriorly by the pila antotica, 
y the planum basale and possibly the posterior portion of the 
trabecula, and postero-laterally by the antero-medial wall of the auditory cap- 
sule, which probably represents the commissura praefacialis. The structure(s) 
bounding it medially cannot, of course, in this late stage of development be 
identified with absolute certainty. There is actually difference of opinion in 
this respect, for Pusey’s interpretation of the lateral cartilage ledge of the 
wuditory capsule seems to imply that the foramen prooticum is bounded medially 
y the trabecula alone. The fact, however, that the enchondral destruction 
associated with the entire trabecular bar, reaches backwards only as far as 
the anterior portion of this medial border, and that its posterior portion is 
only slightly eroded perichondrally, seems to support my own contention put 

‘ward above. 
condary exits of the foramen prooticum associated with the processus 


ns and commissura quadrato-cranialis anterior will be dealt with 
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3. The auditory capsule. 


In accordance with the general acceleration of the cranial ontogenesis of 
Ascaphus the auditory capsule is already almost completely chondrified in the 
most juvenile specimen. The cartilaginous septa separating the semicircular 
canals from the labyrinth cavity have practically reached adult dimensions. 

The completely chondrified medial wall is perforated by four acoustic fora- 
mina which, in the course of the development to the second stage, are reduced 
to the three foramina of the adult skull. Although the mode of reduction could 
not be established by means of intermediate stages, it is possibly brought about 
by the fusion of the posterior of two median acoustic foramina with the fora- 
men acusticum posterius, for the nerve branch traversing the former in 
stage I seems to traverse the anterior division of the latter in stage 2. At no 
stage of the development are the acoustic foramina, and especially the 
posterior portion of the foramen acusticum medium and the foramen acusticum 
posterius, elevated above the level of the planum basale, to the extent en- 
countered in Rana. Moreover, the acoustic and perilymphatic foramina lie 
approximately in the same horizontal plane. 

The arrangement of the subcapsular space and the perilymphatic foramina 
remains constant throughout the development (see discussion). 

The adult position of the fenestra ovalis, between the foramen acusticum 
posterius and the foramen perilymphaticum inferius, seems to have been 
established in the first stage, although perichondral erosion of its borders 
occurs in intermediate stages. This erosion, together with faulty orientation, 
may be responsible for the variations concerning its limits in some intermediate 
stages. The erosion referred to proceeds up to the third stage, and together 
with the erosion of the lateral capsular wall posteriorly to the posterior border 
of the fenestra, gives origin to the mesenchymatous tissue which constitutes 
a membranous covering of the fenestra ovalis. Subsequently to stage 3 juvenile 
cartilage is added to the eroded surfaces, ultimately producing a slight elevation 
of the capsular floor in the posterior region of the fenestra. This forms the 
ventral border to the latter in the adult specimen. Similarly a very shallow 
fossa fenestrae ovalis is produced, subsequently to stage 5, by the addition 
of juvenile cartilage to the lateral edge of the capsular floor in the posterior 
region of the fenestra. 

The operculum chondrifies in the membranous covering of the fenestra 
and is therefore of capsular origin, unless the ventral border of the fenestra 
is actually formed by the planum basale. The chondrification sets in almost 
in the centre of the fenestra whence it spreads in all directions. However, its 
backward spread is more rapid and in stage 3 it has already reached a plane 
beyond the posterior border of the fenestra. Although contiguous with the dor- 
sal border of the latter in this stage, it does not become fused to it, and to 
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capsular wall posterior to it, until stage 6 is reached. I:ven in the 


specimen described, the fusion is not very intimate. Calcification prob- 

bly sets in after the adult stage has been reached. 
usculus opercularis is inserted onto the operculum only from. stage 
fenestrae vestibuli for the first time traverses the fenestra ovalis 


2 and 3, but its extracapsular portion remains small up to the 


4 


last of the cartilage bones to develop. It commences as 


lla along the inner surfaces of the medial wall of the auditory 


the remnant of the processus ascendens, whence it rapidly 
lifferent directions until the extent figured for the adult specimen 
referring to the text-figures and the text it will be clear that 
of the processus ascendens is almost completely ossified 
indistinguishably incorporated in the prootic ossification. Its 
in relation to other cranial structures, including the Gas- 
strongly reminiscent of the alisphenoid of mammals and 
il such time, however, as a separate centre of ossification 
for this part of the adult prootic, it would be premature 

true alisphenoid. 
features of the floor of the auditory capsule are: 
root and part of the ganglion of the facial nerve in a 
the entire absence, with the possible exception of one 
i artilaginous roof to this canal: b) the double 
floor posterior to the foramen perilymphaticum acces- 
ipparently subcapsular space is enclosed which opens, 
cavity; c) the relative thicknesses of the anterior 
the capsular floor medially and laterally to the subotic ridge, and 
of this condition during the ontogenesis of the skull: 
growth of the dorsal border of the secondary foramen 
ilaginous roof to the lateral portion of the facial 
impression is created that the foramen platinum, which, in 
opens directly into the labyrinth cavity, shifts laterad, so that, 
tage, it communicates with the labyrinth cavity via the facial 
cts have led me to the conclusion that, in Ascaphus, that part 
floor between the foramen acusticum anterius and the foramen 
accessorium hi yet chondrified in stage 1, nor does it 
y. On the contrary, it is functionally replaced by a laterally 
‘ft the planum basale. Between the foramen acusticum anterius 
ramen endolymphaticum this “‘effective floor” of the auditory cap- 
cts freely laterad as an apparent lateral ledge of the auditory cap- 


al processus basalis of the palatoquadrate is fused, thus 
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forming a palatobasal bridge which may include a basitrabecular process. For 
the sake of convenience this projection is constantly referred to as an auditory 
ledge. Owing to continuous perichondral erosion, prior and up to stage 4, this 
auditory ledge disappears completely up to the line of fusion of the lateral 
capsular wall with the planum basale. It is, however, simultaneously replaced 
by what may be called an adult auditory ledge which, although it reaches for- 
wards slightly beyond the foramen acusticum anterius, bears exactly the same 
relations to the neurocranium, nerves and bloodvessels (excepting the a. 
orbitalis) as its larval precursor. The adult auditory ledge chondrifies from 
the posterior portion of a condensation of mesenchymatous tissue, which, al- 
ready indicated in stage 2, lies latero-ventrally to the anterior end of the 
auditory capsule, medially to the larval palatoquadrate keel, ventrally to the 
r. hyomandibularis VII and vy. capitis lateralis, and dorsally to the a. orbitalis. 
Anteriorly it abuts against the medial surface of the palatoquadrate keel, and 
posteriorly it rests on the dorsal surface of the larval auditory ledge. The cells 
constituting it apparently have a diverse origin from the subotic ridge (but not 
from the capsular wall), the medial surface of the palatoquadrate keel, the larval 
processus basalis and finally from the larval auditory ledge itself. The 
ceratohyal does not contribute towards its formation. 

In the course of the cranial development the ceratohyal gives up its articula- 
tion with and suspension to the palatoquadrate and becomes either articulated 
to or fused with the postero-lateral corner of the adult auditory ledge. Its 


relations to the adult processus basalis will be dealt with elsewhere. 


4. The cartilaginous cranial roof. 


The taeniae tecti marginales are already fused to the auditory capsules in 
the first stage, and the first rudiments of the tectum synoticum are also 
present. The evidence suggests that the latter structure developes mainly by 
chondrification of the membranous cranial roof, possibly complemented by 
a slight medial growth of the taeniae tecti marginales and the dorso-medial 
edges of the auditory capsules. The chondrification sets in at two centres, 
parallel to the medial edges of the taeniae, and approximately between the 
levels of the foramen endolymphaticum and foramen acusticum posterius, i.e. 
in the posterior region of the adult tectum, whence it spreads in all directions. 
lt first fuses onto the taeniae and auditory capsules but does not form a 
completely cartilaginous interotic roof until just prior to stage 6. It probably 
represents a real tectum synoticum. The crista occipitalis lateralis develops 
as a medially directed outgrowth of the dorso-medial wall of the auditory 
capsule and is, from stage 2 onwards, perforated by a foramen for the trans- 
mission of an intracranial bloodvessel at the level of the foramen perilym- 
phaticum accessorium. The exoccipital ossification begins in the crista oc- 
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cipitalis lateralis, just prior to stage 2, and not round about the foramen 
jugulare as in Rana. Thence it gradually spreads in all directions until the 
dimensions figured for the adult specimen are reached. 


5. The Palatoquadrate complex. 


In the most juvenile specimen available the palatoquadrate body, together 
with all its processes typical of the Anura, is already fully formed. The present 
study, therefore, embraces only the metamorphosis of this complex. It may 
be stated, right at the start, that, in view of the massivity of all the components 
of this complex, the jaw metamorphosis of Ascaphus is associated with a 
destruction of larval cartilage unparalleled in any anuran hitherto studied, 
and that the huge amount of cartilage cells and debris so formed often tends 
to obscure the details of the process. 

The first larval jaw structure to be disposed of is the commissura quadrato- 
cranialis anterior. Somewhere between stages 2 and 3 the enchondral destruc- 
tion of the latter begins at the posterior border of the profundus tunnel and 
proceeds so rapidly in a caudo-rostral direction, that, at stage 3, the palato- 
quadrate flange has become entirely detached from the trabecula. The direction 
f the destruction of the commissura, therefore, is the opposite of that 
suggested for its fusion to the trabecula. At approximately the same time, 
erosion sets in along the anterior border of the processus ascendens, and the 


rest of the latter as well as the processus oticus begins to suffer some process 


of softening (“‘Weichung”, Gavupp). By these changes the suspension of the 


idrate to the neurocranium has become slightly less rigid, so that, 


ascending and otic processes as pivots, it can be rotated slightly 
Its medial surface is hereby brought nearer to the lateral wall of 
ry capsule. There are vague indications that this rotation could 
ave been brought about, at least in part, by force applied to the posterior 


+ 


of the palatoquadrate via the ligament connecting this spur to the epi- 


ial roof of the sucker. 
Meanwhile enchondral destruction has set in at the antero-lateral corner of 
processus muscularis anteriorly to the arterial tunnel, at the posterior spur 
palatoquadrate and at the palatobasal bridge. At stage 4 the processus 
‘is has been destroyed entirely up to the level of the latter bridge, 
lich is now represented by debris only and has therefore lost any functional 

ificance. 

erosion of the processus ascendens does not cease until stage 6 is 
i.e. after completion of metamorphosis. Moreover, it is not destroyed 
in toto, for its dorsal portion persists into the adult stage as a cartilaginous 
bar dividing the foramen prooticum into two. However, it retains no relations 


to the palatoquadrate body and ultimately ossifies in continuity with the prootic. 
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The larval processus oticus is eroded more gradually and in such a way 
that there is no complete functional discontinuity between the palatoquadrate 
and auditory capsule at any stage of the metamorphosis. 

The rostro-caudal rotation of the palatoquadrate body commences sub- 
sequently to stage 3 and is synchronized with the gradual erosion and dis- 
integration of the processus ascendens and the processus oticus, reaching 
completion only after the anterior portion of the fenestra ovalis has become 
hidden in lateral view and well after the metamorphosis is completed. Although 
it rotates through an angle of well over 90°, there is no buckling and folding 
of the palatoquadrate body such as is reported for Rana. In fact, in view of its 
great massivity, such a buckling seems to be impossible. However, in order 
that the processus pterygoideus shall retain its normal relation to the neuro- 
cranium, it rotates about its point of fusion to the palatoquadrate body in 
such a way that the ventrally facing angle included between the two structures 
greatly increases during metamorphosis. This, too, is a gradual process, 
reaching completion simultaneously with the rostro-caudad rotation. 

At that stage of the rostro-caudal rotation at which the palatoquadrate body 
depends vertically from the auditory capsule, the posterior portion of the 
processus oticus starts disintegrating, and gives origin to a mass of cells which 
condenses into an irregular cloud of mesenchymatous tissue laterally to the 
anterior portion of the auditory capsule. At the same time the palatoquadrate 
body is forced dorsad so that the undestroyed median portion of the larval 
processus oticus projects beyond the level of the lateral semicircular canal. 
Through continued disintegration of this portion the cloud of mesenchymatous 
tissue increases in bulk and, in turn, becomes raised above the level of the 
semicircular canal, pressing up against the ventral surface of the orbital 
squame of the squamosum. Part of this tissue spreads backwards, laterally to 
the lateral semicircular canal, to take the place of what had formerly been the 
posterior portion of the larval processus oticus, and which has been destroyed 


‘ 


enchondrally right up to the foramen for Pusey’s “critical vein’. This tissue 
chondrifies to form the adult processus oticus (anterior portion of the adult 
crista parotica of current literature), whose anterior end is elevated above the 
level of the lateral semicircular canal. The undestroyed portion of the original 
palatoquadrate body, which was continuous with the tissue under discussion 
all the time, becomes fused to the antero-ventral surface of the adult processus 
oticus. It should be emphasized that neither the auditory capsule nor the 
processus muscularis contributes anything towards the formation of this 
process. 

An additional portion of the tissue liberated by the erosion and disintegration 
of the palatoquadrate body spreads to the postero-ventral extremity of the 
latter, where it rechondrifies in continuity with the posterior and lateral aspects 
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of the articular region of the palatoquadrate, complementing the articular 


; 


facet for Mrckev’s cartilage, which had been partly destroyed. 


While these changes are in progress, and immediately prior to stage 4, the 


} 


udult processus basalis starts chondrifying from the anterior portion of a 
esenchymatous condensation antero-ventrally to the auditory capsule. At 
the erosion along the medial surface of the palatoquadrate flange proceeds 
a way that a ridge is formed, high up along this surface, reaching 
interior division of the ventral trigeminal outlet to the anterior margin 
larval auditory ledge. To this ridge the rudiment of the adult processus 
becomes attached for a time without fusing with it. The larval pro- 
us, 1s at this stage, still intact, and there are no indications of an 
tion of the processus basalis with the auditory capsule. The palato- 
‘idge is subsequently also destroyed and the rudiment of the pro- 
lis, which had been carried backwards by the rotating palato- 
becomes loosely applied to the medial surface of the latter. Those 
are still being liberated from the palatoquadrate body accumulate 
rudiment and also spread dorsad, forming the anlage of its pro- 
ich merges into the adult processus oticus. They also envelop 
of the adult auditory ledge which grows by chondri- 
The palatoquadrate body has meanwhile rotated back- 
and has been simultaneously displaced upwards. During this 
it shifts backwards and upwards along the lateral surface of the 
the processus basalis. Through subsequent chondrification around 
attains its adult shape and is now suspended to the antero-ventral 
the adult processus oticus by means of its processus dorsalis. Later- 
becomes fused to the palatoquadrate body and to the processus ptery- 
in the region where these two structures merge into each other. 
as its fusion to the processus pterygoideus is synchondrotic, it may be 
1 to the palatoquadrate body either synchondrotically or syndesmotically. 
ro-lateral edge of the adult auditory ledge fits into a groove along 
‘dial surface of the processus basalis, and the two structures are 
each other by dense connective tissue strands, inserted on the dorsal 
| surfaces of the auditory ledge and simulating the capsule of a 

vity. 
The posterior part of the adult processus pterygoideus represents an 
destroyed portion of the distal portion of the commissura quadrato-cranialis 
rior, whereas its anterior or preoptic portion develops during late meta-, 
rphosis. The latter, homologous with the processus maxillaris posterior, in 
in which pE Breer and Pusey use this term, chondrifies from a 
itous condensation formed by perichondral erosion of the com- 
It is, therefore, of the same origin as the postoptic portion. The two 


the adult processus pterygoideus fuse with each other at approx- 
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imately stage 4, after the backward rotation of the palatoquadrate body has al- 
ready proceeded to some extent. 


VI. A COMPARISON OF THE SKULLS OF THE ADULTS OF 
ASCAPHUS AND OF LEIOPELMA. 


I:xcept where stated otherwise, the data mentioned below are derived from 
the papers of DE VILLIERS (1934) and WAGNER (1934a and b). The com- 
parison concerns only the adult skulls. 

Leiopelma resembles Ascaphus in the following respects : 

1. The basis cranii remains permanently cartilaginous throughout its entire 

length. 

A portion of the notochord persists in the adult (author). 

The orbitosphenoidal ossification is paired (DE VILLIERS, WAGNER) and 
reaches backwards to the foramen opticum (author). 

There is a high level exit to the n. trochlearis (author). In Leiopelma 
this nerve apparently pierces the cranial side-wall. But, whereas its fora- 
men is bounded ventrally by the orbitosphenoidal ossification, its anterior, 
dorsal and posterior borders are almost certainly formed by the rather 
juvenile cartilage of the taenia tecti transversalis. Prior to the development 
of the latter the nerve must therefore have emerged dorsally across the 
side-wall as it does in Ascaphus. 

The n. oculomotorius and the a. ophthalmica magna are separated from 
each other by a cartilage arcade (author). 

There is a commissura praefacialis separating the roots of V and VII. 
There are three acoustic foramina (DE VILLIERS, WAGNER), the posterior 
one of which is delimited in an unusual way. All these foramina are only 
slightly elevated above the level of the planum basale (author). 

The acoustic and perilymphatic foramina all lie in approximately the same 
horizontal plane, and both of the latter, apart from being placed more 
rostrad than in Rana, effect communication between the cranial and laby- 
rinth cavities (author). 

A true foramen perilymphaticum inferius and extracapsular saccus peri- 
lymphaticus are absent (author). 

The operculum is not intimately fused to the auditory capsule (author). 
The fenestra ovalis faces directly sideways and the fossa fenestrae ovalis 


is shallow. 


An auditory ledge is present, and with its postero-lateral corner the cornu 
hyale is fused. 


The plectrum, anulus tympanicus, tympanum and Eustachian tube are 


absent. 
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14. The anatomy of the internal ear is the same in both. 

15. The ganglion geniculatum is not fused to the ganglion Gasseri and lies 
entirely extracapsularly. 

16. A taenia tecti medialis is absent. 

17. The quadratojugal is absent. 
ciopelma differs from Ascaphus in the following respects: 
The foramen olfactorium is situated farther backwards and does not com- 
municate with the cavum cranii in the manner described for Ascaphus 
(author). 
The anterior delimitation of the cavum cranii is much more ranid (author). 
A postchoanal floor to the nasal capsule, absent in Ascaphus, is present 
(author). 
The foramen cranio-palatinum is absent (author). 
The orbitosphenoidal ossification is more extensive and reaches farther 
forwards (author). 
Separate optic and oculomotor foramina are present. 
The auditory capsule (prootic and exoccipital) is more extensively ossified. 
The fenestra ovalis does not reach so far forwards, and the extracapsular 
portion of the ductus fenestrae vestibuli is larger (author). 
The foramen endolymphaticum is situated farther backwards, dorsal to the 
foramen acusticum posterius (author). 
There is neither a subcapsular space nor an indication of a foramen peri- 
lymphaticum inferius. Instead, the capsular floor posterior to the level of 
the foramen perilymphaticum accessorium (posterius) is unusually thick 


(author ). 


The nervus abducens is not easily distinguishable from the r. profundus V 


(author). 

The extracapsularly situated ganglion geniculatum lies farther forwards 
(fig. 40) and is situated medio-ventrally instead of dorsally to the auditory 
ledge. The primary foramen faciale is situated roughly midway between 
the prootic and anterior acoustic foramina (fig. 40 B). The root of VII 
neither traverses the labyrinth cavity nor does it lie in a separate canal, 
and the r. palatinus has no foramen. Only the r. hyomandibularis of VII 
traverses a canal between the capsular floor and a lateral extension of 
the planum basale. It emerges laterally and dorsally to the auditory ledge 
as it does in Ascaphus. Compared with the latter, it appears as though the 
ganglion geniculatum of Leiopelma had been drawn downwards through 
the foramen palatinum. The groove (referred to by Pusey 1938) in which 


the ganglion geniculatum lies, may correspond to the foramen palatinum 


of Ascaphus. In that case the hyomandibular canal of Leiopelma would 
correspond to that portion of the facial canal of Ascaphus which ac- 


comodates the ganglion geniculatum. It is most interesting to note that, 
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during the ontogeny of Ascaphus, the ganglion geniculatum is actually 
displaced in the manner suggested above for Leiopelma; but, the dis- 
placement in Ascaphus is not carried far enough, and only a portion of 
the ganglion enters into the foramen palatinum. 

On the whole the suspensorium of Leiopelma resembles that of the adult 
Ascaphus less than does the suspensorium of Bombina. On the contrary 
it is more similar to that of stage 6 of this paper. Although, histologically, 
the palatoquadrate origin of the processus oticus is clearly indicated, the 
palatoquadrate body does not exhibit clear distinction between the juvenile 
and older cartilage. Consequently the processus basalis is not histologically 
differentiated from the processus pterygoideus and from the palatoquadrate 
body. The r. palatinus enters the ganglion geniculatum opposite the anterior 


border of the processus basalis. The processus oticus does not extend so 


far sideways, and is not elevated anteriorly, as in Ascaphus. But, with 
reference to the auditory capsule, it lies equally far back. The processus 
ascendens is entirely absent and there is no true os quadratum (author). 
A taenia tecti transversalis is present. 

The crista occipitalis lateralis is not perforated (author). 

The frontoparietalis are narrower than those of Ascaphus and curve 
laterally over the side-walls in the ranid fashion. They are not perforated 
for the exit of the n. trochlearis and enclose a larger dorsal fontanelle than 
in Ascaphus. It is interesting to note that the frontoparietal of Leiopelma 
seems to be composed of two thick and fairly distinct lamellae which in 
some sections are separated from each other by a minute fissure. Anteriorly 
the ventral lamella and posteriorly the dorsal lamella becomes the domin- 
ating element of the bone. Only ontogenetic evidence, however, could 
prove whether this lamination indicates a fusion between the frontal and 
parietal bones of primitive Amphibia. 

The auditory ledge is invested ventrally by the wing of the parasphenoid, 
whose antero-lateral corner is drawn out to such an extent that it almost 
reaches the anterior border of the ledge. Here it comes very near to 
articulating with the pterygoid. Although WaGNER (op. cit.) did not re- 
mark upon this apparently primitive feature, it is clearly illustrated in her 
figures. 

A palatine bone is present. 

The thymus gland lies much farther back than in Ascaphus, extending 
well beyond both the lower and upper jaws. 
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REDESCRIPTION OF THE SUSPENSORIAL REGION OF 
SKULLS OF BOMBINA, ALYTES AND DISCOGLOSSUS. 


rom the description of Bombina (RAMASWAMI 1942, SLABBERT 1945), Aly- 
( RAMASWAMI 1942, MAREE 1945) and Discoglossus (VAN ZYL, in press), 
personal re-examination of their material, the following noteworthy facts 


i 


ge in connexion with the suspensorial region : 


A. BOMBINA. 


“1 


There are three acoustic foramina, but the foramen acusticum posterius 1s 
tuated dorsal to, and almost midway between, the anterior and median 
ina. SLARBERT (op.cit.) considered this as representing the foramen 
medium. The foramina are less elevated above the level of the 
basale than in Kana. 
he foramen endolymphaticum lies dorsal to the foramen acusticum ante- 
ius in the region of the sinus superior. 
ugh the sections are somewhat torn in the region of the perilymphatic 
he latter seem to be similar to those of Ascaphus. It could not 
mined whether a subcapsular cavity is present or not. 
of the auditory capsule boundning the fenestra ovalis ventrally, 
farther sideways than the lateral semicircular canal. Its lateral 
-is dorsally flexed, so that the fenestra ovalis actually faces upwards, 
of sideways as in Ascaphus and Leiopelma. It is covered, in a lid- 
, by the almost horizontal operculum. A very large extracapsular 
he ductus fenestrae vestibuli is encased between the operculum 
‘ capsular floor below. 
directed auditory ledge is present. 
ira praefacialis separates the roots of V and VII. 
There are two facial foramina: a primary foramen perforating the medial 
capsular wall antero-ventrally to the foramen acusticum anterius and below 


level of the labyrinth cavity, and a secondary foramen (sec.jor.fac.) 


the ventral surface of the capsular floor, about midway between the 


and the foramen acusticum anterius. The two fora- 

interconnected by a canal in the completely ossified capsular floor 
‘ansmit the root of VII. 

ganglion geniculatum lies below the capsule, farther backwards than 

pelma but less so than in Ascaphus. It is bridged to the ganglion Gas- 

front by an extracapsular commissural chord II.) ; by 


f its root it is intimately associated with the ganglion acusticum 
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. 37 A and B. Bombina variegata (adult). Consecutive transverse sections through the 
region of the basicranial articulation. 


The r. hyomandibularis VII proceeds backwards dorsally to the auditory 
ledge, and the r. palatinus originates further back than the former branch. 
. The distinction between juvenile and older cartilage is, as in Ascaphus, 
clearly preserved in the suspensorial region. The anterior tip of the pro- 
cessus oticus, first sectioned well in front of the auditory capsule, is 
composed of a medial portion of juvenile cartilage and a lateral portion 
of older cartilage, which is invested by the squamosum in the usual way. 


? 
10 
87 


J. A. van EEDEN 


Proceeding backwards the juvenile portion rapidly becomes bigger, and in 
section appears as a rod of cartilage bent upon itself in the form of a 
dorso-laterally projecting inverted U (fig. 37 A). The dorsal and ventral 
legs of the U become fused to the auditory capsule and to the dorsally 
projecting portion of the processus basalis respectively. The portion of 
older cartilage has not, at this level, become much larger. It is now fused 
to the ventral leg in such a way that a dorsally facing notch is left be- 
tween them; in this lies the anterior blind end of the partly developed 
middle ear. Farther backwards the ventral leg of the U disappears from 
section and the older cartilage is fused to the dorso-lateral aspect of the 
processus basalis (fig. 37 B). Here, also, the processus pterygoideus is 
fused to the latero-ventral aspect of the processus basalis which abuts 
against the lateral and the dorsal surfaces of the auditory ledge as in 
Leiopelma and in Ascaphus. Where the processus basalis disappears from 
section the older cartilage and the processus pterygoideus merge into each 
other and the structure formed thus is continued backwards as the proces- 
sus quadratus of the palatoquadrate. 

By comparison with Ascaphus the portion of older cartilage represents 
the undestroyed larval palatoquadrate body, which is here fused to the 
processus oticus im front of the auditory capsule and proceeds almost 
horizontally backwards. In fact, with reference to the cranial floor, the 
posterior ends of the processus pterygoideus and of the processus basalis lie 
at a much higher level than in Ascaphus. A portion of the ventral leg 
of the U, together with the dorsally directed portion of the processus 
basalis, is comparable with the processus dorsalis of the processus basalis 
of Ascaphus. These structures have been forced mediad to such an ex- 
tent that the dorsal division of the cranio-quadrate passage is completely 
obliterated. If the bent portion of the processus oticus were to be 
straightened out, that portion which is invested by the squamosum would 
project dorsad as it does in Ascaphus, the processus basalis would be 
displaced sideways and the cranioquadrate passage would be opened up 
completely. 

lt is important to note that contrary to the statements of RAMASWAMI 
and SLABBERT a considerable portion of the processus basalis and a por- 
tion of the auditory ledge lie anterior to the level of the origin of the 

palatinus VII from the ganglion geniculatum (fig. 37 B). 

There is no thymus, but the tissue representing the middle ear rudiment 
is not everywhere excavated completely and in places closely resembles 
the thymus tissue of Ascaphus 

1¢ degree of development of the middle ear must surely be considered 
as a case of neoteny, which my also account for the absence of the plec- 


anulus tympanicus and tympanic membrane. 
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38. Alytes obstetricans (adult). Transverse section through the region of the basi- 
cranial articulation. 


B. ALY 


Although Marer (op. cit.) reports the presence of three acoustic fora- 
mina, one of the specimens microtomised by him possesses two only on 
either side of the skull. This may have been brought about by a fusion 
of the median and posterior acoustic foramina, for the latter is unusually 
large in this specimen. Both foramina are less elevated than in Rana. 
The foramen endolymphaticum lies anterior to the level of the foramen 
acusticum anterius and sinus superior. 

The perilymphatic foramina are typically arranged as in Kana. It is, how- 
ever, most interesting to note that the capsular floor is produced backwards 
as a floor to the anterior portion of the extracapsular saccus perilympha- 
ticus. This closely resembles the floor of the subcapsular space of Asca- 
phus. (See subsequent discussion). 

The fenestra ovalis is similar to that of Bombina. 

As in Lombina the processus oticus projects forwards well beyond the 
auditory capsule. The distinction between juvenile and older cartilage is 
also preserved, though less clearly than in Bombina. Nevertheless, the 
older cartilage, representing the undestroyed remnant of the palatoquadrate 
body, seems to reach to the anterior end of the processus oticus which, 
to a great extent remains cartilaginous. The processus dorsalis of the 
processus basalis (processus oticus of MAREE) is not flexed underneath 
the processus oticus as in Bombina, so that the cranio-quadrate passage 
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is widely open. A dorsally facing V-shaped notch between the processus 


dorsalis of the processus basalis medially, and the dorsal portion of the 


palatoquadrate remnant laterally, accomodates the middle ear. The floor 


of the notch is formed by the fused palatoquadrate remnant and processus 
basalis (fig. 38). The shape of the latter is quite unlike that of Ascaphus, 


Leiopelma and Bombina. In transverse section it appears as a horizon- 


tally placed, stout and fairly long bar of cartilage which is already fused 


to the processus pterygoideus well in front of the junction of the latter 


to the palatoquadrate body. Between its posterior end medially and the 


palatoquadrate body laterally the Eustachian tube communicates with the 


buccal cavity. At no place, therefore, does the processus basalis or its 


processus dorsalis lie lateral to the middle ear or Eustachian tube. 


6. A cartilaginous auditory ledge is present but does not extend sideways 


to the same extent as it does in Ascaphus. 


A commissura praefacialis is present. 


8. The ganglion geniculatum lies extracapsularly but it is separated from 


the ganglion Gasseri by a sheet of connective tissue only. The latter is 


traversed by a very short commissural chord between the two ganglia. 


9. Two facial foramina and a facial canal similar to those of Bombina are 


present, but the canal is surrounded by cartilage, and the primary fora- 


men faciale opens into tre foramen acusticum anterius (fig. 40). 


10. The r. palatinus VII originates anteriorly to the auditory ledge and opposite 


the anterior edge of the processus basalis. The r. hyomandibularis pro- 


ceeds backwards dorsally to the auditory ledge. 


11. The thymus gland bears relations similar to those of the postero-lateral 


division of this gland of Ascaphus. 


DISCOGLOSSUS. 


The arrangement of the three acoustic foramina is similar to that of 


Bombina. 


2. The foramen endolymphaticum is situated postero-dorsally to the fora- 


men acusticum anterius in the region of the sinus superior. 


The fenestra ovalis is similar to that of Bombina and Alytes, and the 


mutual relations of the perilymphatic and jugular foramina are typically 


ranid. 


}. A commissura praefacialis is present. 


There are two facial foramina and a facial canal as in Bombina and 


cst 


Alytes, but the primary foramen is situated immediately in front of the 


foramen acusticum anterius as in Bombina. 


6. The ganglion geniculatum is almost completely fused to the ganglion 


Gasseri. 


Two nerves originate from the posterior end of the ganglion genicula- 


9 


: : 
130 
: 
is 
2 
= 
7 
23 
y 
: 
: 
/ 


131 
THE CHONDROCRANIUM OF ASCAPHUS TRUEI STEJNEGER 
FR. PAR. 


RR. MAX. MAND. V. 
AU. CAPS. 


TYMP 


CRAN. FL SW BUC. EPITH. 


PR. BAS. 
R. PAL. VIl. PTERYG. 
VC.L. CAR. INT. 


GL. GENIC 
AD. CR PAR 
SQUAM 
AN. TYMP. 


MID. E. 
VEN AN TYMP. 


CRAN FL 
R PAL (1) 


R PAL (2) 


| MM 


Fig. 39 A and B. Discoglossus pictus (adult). Consecutive transverse sections through 
the region of the basicranial articulation. 
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tum, one opposite the level of the posterior border of the foramen prooti- 
cum and the other slightly more rostrad. Both these nerves proceed for- 
wards from the ganglion and are, for a short distance, intimately associa- 
ted with each other and with the a. carotis interna. As far as their prox- 
imal relations are concerned, either or both of these nerves may represent 
the r. palatinus VII. They will consequently be referred to as the anterior 
and posterior palatine branches of VII. 
A stout auditory ledge is present, the antero-lateral corner of which 
projects slightly forwards into the region of the foramen prooticum. This 
end is horizontally grooved for the reception of the postero-medial tip 
f the processus basalis. A very small portion of it lies anterior to the 
| of origin of the posterior palatine branch of VII. As in Leiopelma, 
considerable portion of the auditory ledge is invested ventrally by the 
parasphenoid. The latter, however, does not approach the pterygoid as 
closely as it does in Leiopelma. 
The major portion of the processus basalis is fused to the processus 
pterygoideus and only a small portion to the palatoquadrate body. This 
fusion lies anterior to the auditory capsule (fig. 39 A). The process pro- 
jects postero-medially as a roughly horizontal cartilaginous plate with 
a slightiy concave dorsal surface. Its medial edge points towards the ven- 
tral border of the foramen prooticum, and only its postero-medial tip 
articulates with the antero-lateral tip of the auditory ledge. The entire 
processus basalis lies opposite the posterior half of the foramen prooticum, 
and it disappears from section simultaneously with the latter. The process, 
therefore, lies unusually far forwards. The posterior palatine branch of 
VII originates opposite its posterior border so that its articulation with 
the auditory ledge lies neither in front nor behind this nerve. Although 
the anterior palatine branch of VII originates anteriorly to the level of 
the articulation, by far the greater portion of the body of the process lies 
anteriorly to both branches. It is important to note, however, that, as in 
Ascaphus, neither of these nerves proceeds forwards ventrally to the 
process but medially to it. But, if it were to be continued medially 


it would probably touch the basis cranii dorsally to the palatine nerves 


and ventrally to the v. capitis lateralis. The processus basalis of Disco- 


glossus, therefore, comes nearer to de BrEER’s (1926, 1937) and PuseEy’s 
(1938) conception of a processus basalis than does that of the other mem- 
bers of the Discoglossidae examined. 

10. The thymus gland occupies the usual position. 
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PART IL. 
I. DISCUSSION. 


A. A CRITICAL DISCUSSION OF Pusey’s (1943) DICTUM THAT THE 
CRANIAL GROUND PLAN OF ASCAPHUS (TADPOLE) IS REALLY 
PRIMITIVE. 


Pusey (1943) commences his discussion by stating that “the splanchnic 
structures of the larval Ascaphus have an arrangement rather dissimilar to 
that found in any of the surviving frogs”. In an attempt to explain this he 
derives support from Lutuer (1914) and EpGEwortH (1935), who maintain 
that in the larval Anura all the organs lying in front of the peritoneal cavity 
and below the chondrocranium have migrated forwards, probably as a result 
of pressure from the greatly elongated intestine. Accepting EDGEworTH’s view 
that the influence of the elongated intestine has become hereditarily fixed, and 
by assuming that in the tadpoles of the less specialized frogs these structures 
have been displaced forwards to a lesser extent, Pusey establishes a criterion 
by the application of which the degree of primitiveness of any frog tadpole 
can be established. Moreover, he also expands the influence of the intestine 
to the chondrocranium, and on pp. 147 and 148 gives a list of anuran cranial 
structures which, when compared with those of a urodele, have migrated for- 
wards, and in respect of which Ascaphus would be “less modified from the 
primitive vertebrate plan than are the larval heads of the modern-type frogs” 
(p. 148). 

l‘oreseeing, however, the counter argument that, in Ascaphus ‘the require- 
ments of a sucker system had secondarily forced back all the splanchnic struc- 
tures to their primitive position” (p. 149) he, on the same page, enumerates 
a number of facts apparently supporting this argument. In addition he men- 


‘ 


tions six characters of Ascaphus “correlated with the sucker mechanism and 
the mode of progression” (p.150). Since none of the features listed on 
pp. 147 and 148 are negatived by those on pp. 149 and 150, one is forced to 
conclude that he believed everyone of the former to represent an ancestral 
condition. I‘urthermore, if the homologies which he put forward in 1938 and 
confirmed in 1943, as well as his suggestions as to the phylogenetic transfor- 
mation of some of the regions of the modern-type tadpole skull are to be 
accepted, an additional number of features suggest themselves as being associa- 
ted with some degree of primitiveness. The entire complex of possible primitive 
larval cranial features, as deduced from Pusey, may be summarised as follows : 

1. The possession of a palatobasal bridge (‘‘posterior basal process” of Pusey 


and an associated basitrabecular process). 
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rhe high level attachment of the processus ascendens to the neurocranium. 
The relatively backward position of the trabecular horns, suprarostral 
system, lower jaw system, mouth opening, hyobranchial apparatus and, 
particularly, the entire palatoquadrate complex. (Those structures mentioned 
on pp. 147 and 148 not featuring in the subsequent discussion are omitted. ) 
The presence of a broad commissura quadrato-cranialis anterior and, 
consequently, the absent or much reduced larval subocular vacuity. 
A very slightly elevated processus muscularis with widespread muscular 
insertions, 
A suprarostral system divisible into more than two parts. 

The insertion of the ligamentum cornu-quadratum laterale (‘‘trabecular 
quadrate ligament” of Pusey) on the suprarostral instead of on the trabe- 
cular horn. 
A notochord encased on all sides by the parachordals. 
A relatively free larval processus pterygoideus. 
A sagittal instead of a transverse notch in the palatoquadrate body for 
articulation of the ceratohyal. 
The presence of a third metotic segment in the neurocranium. 
The absence of a true floor to the anterior part of the auditory capsule ; 
or a retarded development of the latter. 
The presence of a commissura praefacialis. 
14. Separate ganglia and foramina for nerves V and VII. 

The presence of a facial or hyomandibular canal. 
The occurrence of more than two acoustic foramina. 
Although the truly primitive nature of these characteristics can only be finally 


comparative study of the skulls of other frog tadpoles, Pusey did 


not do so. Instead he only compared Ascaphus with Rana (Gavupp, Pusey 1938) 


Discoglossus (PuUSEY 1943), among the Anura, and uses the fact that 
is, in many respects, apparently intermediate between the two 
as positive proof of the validity of some of his most fundamental con- 
ince this cannot be accepted unqualifiedly, a more detailed examina- 

light of recent researches seems indicated. 
1940 RAMASWAMI published a paper on a comparative study of the tad- 
kulls of Rana hexadactyla, R. tigrina and R. curtipes, Uperodon (Caco- 
ystoma, Microhyla ornata and Bufo melanostictus. This was followed 
y a paper on the mountain-brook tadpoles of Kana afghana, Mego- 
robusta and M. parva, and in 1944 by one on Heleophryne purcelli and 
the tadpole of an unknown adult frog which he called the “Cystignathid tad- 
le”. Previously Kruytzer (1931) had discussed conditions in a species of 
‘ys (Megalophrys montana) inhabiting mountain brooks. It should be 
however, that whereas the species of Wegophrys are equipped 


floating funnel only, RK. afghana, Heleophryne and the “Cystig- 
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nathid” possess a larval sucker mechanism very similar to that of Asca- 
phus. According to Buapurt (1935, fig. 3), however, the sucker of R. 
afghana is situated much more rostrad than in either Ascaphus or Heleophryne. 
It was not possible to procure the paper embodying the description of the 
external appearance of the “Cystignathid tadpole”. These papers contain much 
less detail than those published by Pusey on Rana and Ascaphus (in fact, the 
same applies to most of the papers on the other tadpoles thus far published), 
and no reconstruction is provided of the entire chondrocranium of F. afghana. 
RAMASWAMI’s information on Heleophryne is supplemented by macroscopic 
observations by myself. 

In the discussion below the similarities or differences between the sucker- 
bearing genera will, in each case, be mentioned first. 

1. A palatobasal bridge (i.e. a connexion between the postero-medial border 
of the palatoquadrate body and the floor of the auditory capsule) is absent 
in the “Cystignathid tadpole” only. Since the r. palatinus VII originates 
anteriorly to this connexion in R. afghana and Heleophryne, RAMASWAMI 
constantly refers to it as a “larval pseudobasal process”. He also reports 
a “larval pseudobasal process” in F. curtipes where, however, it only 
articulates with the auditory capsule. Pusey (1943) describes a “posterior 
basal process” in Discoglossus, and W1NsLow (1898) refers to a “‘palato- 
basal process” in Pipa americana whithout, however, giving its relations 
to the nerves or bloodvessels. Moreover, it is not clear whether this struc- 
ture in Pipa is a larval connexion or not. PARKER (1881) figures the tad- 
pole skull of Rana pipiens (Plate 3) as though the “pedicle” (processus 
ascendens of the tadpole) is fused to the basis cranii ventrally to the 
foramen prooticum. Possibly (as in Heleophryne) the processus ascendens 
is wanting in this species and the “pedicle” here represents a palatobasal 
bridge. RAMASWAMI’s (1944) reference to the pseudobasal connexion in 
Megalophrys montana and Alytes is rather misleading, for KruIJTZER’s 
(op.cit.) description refers to the adult structure. A processus basitrabe- 
cularis is not mentioned in connexion with any of the tadpoles thus far 
described. 

The processus ascendens is absent in /Heleophryne only which, however, 


‘ 


has an additional and exceptional ligamentous connexion (‘‘quadrato-otic 
connexion” of RAMASWAMI) of the palatoquadrate body to the auditory 
capsule and lying behind the processus oticus. The height of attachment 
of the processus ascendens to the neurocranium is not mentioned in the 
case of the sucker-bearing tadpoles, but its fusion to the pila antotica 
instead of to the trabecula (as in Kana) is described for Alytes (VAN 
SETERS 1922) Calyptocephalus (REINBACH 1939) Xenopus (PATERSON 
1939) Rana hexadactyla, R. tigrina and R. curtipes, and Discoglossus 
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(Pusey 1943). Apart from Heleophryne this process is absent in Philautus 
variabilis only (RAMASWAMI 1938). 

In both Heleophryne and the “Cystignathid” the commissura quadrato- 
cranialis anterior is very broad, but RamMaswamt does not refer to its size 
in the case of R. afghana. In the first two species mentioned it is, in fact, 
broader than in Discoglossus (Pusry, op. cit.). Associated with this feature 
is the larval subocular vacuity which, in the species mentioned, is also smal- 
ler than in Discoglossus. According to the published figures a broad com- 
missura also occurs in Xenopus (KOTTHAUS 1933, EDGEWORTH 1930, PATER- 
SON 1939). A small subocular vacuity is specially remarked upon in the 
case of LU perodon only, but it seems to be present in R. tigrina, Microhyla 


nata and Xenopus as well. It is important to note that a broad commis- 


sura and small subocular vacuity do not seem to be characteristic of Pe- 


hates (SCHULZE 1892), Alytes (VAN SETERS 1922), Bombina (L11TZEL- 
MANN 1923) or Calyptocephalus (RKEINBACH 1939). 
In both Heleophryne and in the “Cystignathid tadpole”, but especially in 
the former, the pars articularis palatoquadrati lies farther back than in 
Rana, although it still projects slightly beyond the anterior border of the 
commissura. This may also apply to Rana pipiens and Camariolius (Par- 
KER 1881). Nothing could be deduced for R. afghana, but in all the other 
tadpoles, including those of Pelobates, Alytes, Bombina and Calypto- 
cephalus, it seems to project well beyond the anterior border of the com- 
missura. Its backward position in Discoglossus (PUSEY, op. cit.) may per- 
haps be due to the fact that the specimen examined had not yet attained 

m larval dimensions. Thus Ascaphus is, as far as is known, the 

ily frog in which it lies posterior to the anterior border of the commis- 
sura. In this respect it is especially interesting to note that according to 
Bystrow (1935) and Romer (1947) the skull of larval Labyrinthodontia, 
and especially the antorbital region, is short, whereas the suspensorial region 
lies relatively far forward. 
Although the processus muscularis is fairly well developed in Rk. afghana, 
it is only very slightly elevated in Heleophryne, and in the “Cystignathid 
tadpole”. A slight elevation is also encountered in Xenopus (IKOTTHAUS, 
PATERSON, op. cit.), in Uperodon, and in Microhyla ornata. 
In R. afghana and in the “Cystignathid tadpole” the trabecular horns are 
short and stout, whereas in Heleophryne their identity is completely ob- 
scured in the well-developed “ethmoidal plate”. In the “Cystignathid tadpole” 
the intertrabecular plate, too, is more extended than usual. A broad “eth- 
moidal cartilage” is further characteristic of Xenopus (Korruaus, EpGE- 
WORTH, PATERSON, of.cit.) and RK. tigrina, and exceptionally short trabe- 
cular horns are encountered in the latter species, in Uperodon and in 


Microhyla. The ethmoidal plates of Xenopus and Heleophryne differ inas- 
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much as no suprarostral elements are incorporated in it in the former 
genus. 

The suprarostrals are large and powerfully built in Ascaphus, R. afghana 
and Heleophryne, and although less massive in the “Cystignathid tadpole” 
they are fairly consolidated. In Heleophryne they are placed exceptionally 
far backwards, more so than in Ascaphus. Apart from the latter genus a 
distinct second pair of suprarostral elements has been encountered in 
Megalophrys (KRv1jTZER, op. cit.), Megophrys parva and robusta (RAMA- 
SWAMI, op. cit.), Pelobates (DupEs 1834, ScHULZE 1892, LUTHER I9gT4), 
Heleophryne, and in Cystignathus (Leptodactylus, PARKER 1881). They 
are variously referred to as suprarostralia II, adrostrals and dorsal rostrals. 
A composite ontogenesis from more than two elements is also indicated 
in Nototrema, R. pipiens, B. lentiginosus, Cyclorhamphus (PARKER 1881), 
Alytes (VAN SETERS, op. cit.), Calyptocephalus (REINBACH 1939) and 
Discoglossus (Pusey, op. cit.). 

The unusual backward position of the infrarostrals, characteristic of 
Ascaphus, Heleophryne and the “Cystignathid tadpole” has not yet been 
encountered in tadpoles lacking a sucker mechanism. 

In the three last-mentioned species MECKEL’s cartilage is unusually large 
and placed far back. Furthermore Ascaphus exhibits a postero-medially 
directed “‘postero-ventral spur” of MECKEL’s cartilage (Pusey 1943), and 
Heleophxyne possesses a pair of independent rod-shaped “sub-meckelian 
cartilages” (RAMASWAMI 1944). Both structures have, by the respective 
authors, been linked up with the sucker mechanism. RAMASWAM1 also refers 
to a ventro-lateral process of MECKEL’s cartilage, larger in Heleophryne 
than in the “Cystignathid tadpole’, but it breaks down during metamor- 
phosis. Alytes possesses a pair of “admandibular cartilages” which vAN 
SETERS (op. cit.) regarded as a primitive feature recalling the labial carti- 
lages of Selachii or paramandibularia of Dipnoi. De BEER (1937) conside- 
red them to be homologous with the tentacular cartilages of Xenopus. 
The ligamentum cornu-quadratum laterale is attached to the lateral supra- 
rostral wing in Ascaphus and to the lateral portion of the suprarostral 
in Discoglossus (Pusrty 1943). Apparently homologous with this is the 
“ligamentum quadrato-suprarostrale” of Calyptocephalus (REINBACH 
1939); in this genus and in Pelobates (ScHULZE 1892) this ligament splits 
into two portions: in the former it is inserted into the “processus latera- 
lis’, and into the ‘“‘processus posterior superior” of the suprarostral, and 
in the latter into the ‘‘adrostral’, and into the trabecular horn. Its attach- 
ment to the suprarostral in Pelobates is also indicated by DucEs (1834, 
fig. 71). 

The larval processus oticus, although present in all the sucker-bearing 
tadpoles, is by no means of universal occurrence in the other frogs. Its 
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relations in Ascaphus (author) and Xenopus (KorrHaus 1933, PATERSON 
1939) as well as its reported absence in Alytes (PEETERS I910, VAN SETERS 
1922, KRUIJTZER 1931) and Discoglossus and Bombina (Pusey 1943) will 
be discussed elsewhere. No mention is made anywhere of a far backward 
attachment of this process to the auditory capsule, although such seems to 
be required by Pusry’s hypothesis concerning it. In Heleophryne, however, 
it lies far back, opposite the fenestra ovalis, as does the larval crista paro- 
ica Of Ascaphus. 

In 1919 WATSON gave a description of the epipterygoid of Capitosaurus, 
which was subsequently confirmed and added to by SUSHKIN (1927). 
According to these descriptions, embodied in STADTMULLER’s figure 424 
(1936, p. 573), the processus ascendens, processus oticus and processus 
basalis are all processes of the epipterygoid and _ therefore in- 
timately associated with one another. The processus ascendens is separa- 
ted from the processus oticus behind it by a deep, narrow notch for the 

mission of the rr. maxillaris and mandibularis V, whereas the r. pro- 
fundus V emerged from a notch along the anterior edge of the former, 
dorsally to the processus basalis. According to SUSHKIN the processus 
oticus, which he prefers to call processus prooticus, is a broad and upright 
process whose postero-medial border is joined to the antero-lateral edge 
of the prootic, at the anterior periphery of the anterior semicircular canal. 


Moreover, by reference to its relations to the rr. maxillaris and mandi- 


bularis V and the anterior semicircular canal, he homologizes it with the 


irly named processes of Urodela and larval Anura. 
Let us return to the premetamorphic skull of Ascaphus. The relations 
of the ascending and otic processes to each other, to the exits of the bran- 


} 


ches of the Vth nerve and to the auditory capsule are found to be almost 
identical to those described above. Unless this similarity may prove to be 
purely superficial (see alternative interpretation by Pusey 1943), it pro- 
ves conclusively, not only the correctness of the homology advocated by 
SUSHKIN, but also the pronounced primitiveness of Ascaphus in_ this 
respect. 

In apparent support of the latter interpretation a few interesting in- 
stances may be mentioned. The premetamorphic skull of Xenopus laevis 
as interpreted by EDGEWORTH (1930, 1935), KoTrHaAus (1933), DE BEER 
(1937) and PaTERSON (1939) shows relations almost identical with those 
of Ascaphus (noted also by Pusey 1943). The processus ascendens, and 
especially the processus oticus, are both unusually broad and are separa- 
ted from each other by a foramen which, like the dorsal trigeminal outlet 
of Ascaphus, transmits the rr. maxillaris and mandibularis V. The pro- 
cessus oticus is fused to the auditory capsule all along the anterior face 


of the latter. Perhaps more important still is the fact that, according to 
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KoTTHaus (op. cit.), the processus ascendens, which has its own centre of 
chondrification, is only secondarily fused to the palatoquadrate, and the 
processus oticus develops as a process of its (processus ascendens) poste- 
rior surface. If these observations are correct, the distinctness of these 
processes from the pars quadrata palatoquadrati, and their relations to the 
similarly named processes of the ancient epipterygoid has been preserved 
in a most unexpected manner. 

In Discoglossus (Pusey 1943) as well as in Alytes (VAN SETERS 1922 
and KRUIJTZER 1931), where a larval processus oticus is reported to be 
absent, the posterior edge of the palatoquadrate body is closely applied to 
the anterior face of the auditory capsule in the former in the form of a 
ball-and-socket joint, and in the latter by the intervention of a thin layer, 
of connective tissue. The deduction that this might indicate the recent loss, 
in Discoglossus, of a primitive processus oticus similar to that of Ascaphus, 
is rejected by Pusey in favour of the explanation already quoted else- 
where. He consequently considers the dorsal trigeminal outlet and the fora- 
men for his “critical vein” in Ascaphus as representing the medial and 
lateral portions of the “normal long chink” (postocular fenestra, RAmMa- 
SWAMI 1940) between the processus ascendens and the auditory capsule in 
Rana. The “chink” would then have been partly closed up in Ascaphus 
by the secondary fusion of the posterior borders of the processus ascendens 
and palatoquadrate body to the auditory capsule, in response to a greater 
demand for rigidity in connexion with the sucker mechanism. Yet a similar 
adaptation is not recorded for any of the similarly equipped tadpoles listed 
above, although RAMAswami’s (1940) figure seems to indicate such. The 
“postocular fenestra” is also absent in the suckerless Uperodon (RaAma- 
SWAMI 1940) but its absence is not explained. 

According to EpGEwortn’s (1935) figures, a massive processus oticus 
is present in all the Dipnoi. (This is confirmed by pe BrEr 1926). 
Moreover, in both Lepidosiren and Neoceratodus the otic and ascen- 
ding processes are separated from each other solely by a foramen 
which he labels foramen prooticum (fig. 26). Among the Uvrodela he 
(1923) figures massive processus otici for Megalobatrachus, Hynobius and 
(slightly less massive) Cryptobranchus. To these he adds Salamandrella, 
Ranodon (1925) and Siren (1935). He further states that, in Siren, it 
slopes upwards to the anterior surface of the capsule. To the latter quali- 
fication STADTMULLER (1936, p. 585) adds that “...der Fortsatz ist bei 
Siren hyalinknorpelig mit dem vorderen Pol der Ohrkapsel verbunded und 
zeigt eine starke Ausdehnung oralwarts, indem er mit seiner Anheftung 
auf die Trabekel ubergreift und den zweiten und dritten Ast des N. tri- 
geminus seitlich und oben bedeckt.” The similarity between EDGEWorTH’s 
(1925) figure 52 of a larva of Ranodon and my own figure 17, in con- 
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nexion with the processus ascendens, processus pterygoideus, processus 
oticus and palatoquadrate body is most remarkable. This similarity is al- 
most paralleled by EpGEwortn’s figure 47, of a larva of Salamandreila. 
I-DGEWORTH (1935) also figures a broad processus oticus for Pipa 
americana 

The above instances, together with the anatomical relations on which 
the controversial fusion in Ascaphus has been identified as the larval pro- 
cessus oticus, certainly seem to favour my own interpretation. Further- 
more they seem to lend support to the assumption that a broad processus 
oticus, fused to the antero-lateral surface of the auditory capsule, coupled 
with an approximation between this process and the processus ascendens, 
represents a primitive condition. 

If this conclusion as applied to Ascaphus is accepted, it is not impossible 
that, apart from the existing otic attachment in Rana, the root of the pri- 
mutive process is still represented in the posterior end of the palatoquadrate 
body of larval Anura. The implications of such an assumption will be dealt 
with elsewhere. (See adult processus oticus. ) 

There is no comparative evidence concerning the backward position of the 
hyobranchial apparatus, or of its mode of articulation with the palato- 
quadrate body. As regards the complete or partial encasement of the noto- 
chord: only the conditions in the fully-formed premetamorphic skull can 
be relied upon for purposes of comparison, and up to the present, evidence 


in this connexion is very scanty. 


The discussion thus far, concerns tadpole features exclusively. There 
are, however, additional features, not restricted to the tadpole skull, worthy 
of consideration. 

Apart from the Leiopelmidae and the Discoglossidae in which three 
acoustic foramina are fairly constantly encountered (I found only two in 
one specimen of Alytes), the same condition also obtains in Megalophrys 

KRUIJTZER 1931), Megophrys parva (RAMASWAMI 1943) Hyla arborea 


japonica, R. japonica, R. nigromaculata (Miyawak1 1927), Heleophryne 


(pu Torr 1930) and Bufo, Hyla and Acris (STADTMULLER 1936). Although 


both Anura and Urodela show considerable variability in this respect, (see 


LLER 1936), it is not unlikely that the occurrence of more than 

justic foramina really is a primitive feature which may be retained 
lividual representatives of more specialized families. 

<I (1929) must have been of opinion that the arrangement of 

and perilymphatic foramina such as in Ascaphus and in 

itive; for, referring to stage 6 of Hyla arborea japonica, 

28): “Die Foramina acustica und Foramina perilymphatica 


uintereinander in der Nahe des Bodens, ahnlich wie bei den 
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Urodelen, nicht aber ganz primitiv, d. h. die Offnungen stehen nicht mehr 
genau hintereinander, sondern das Foramen posterius ist nach dorsal ver- 
schoben, so dass dieses oben und hinten vom Iforamen medium liegt.’’ The 
arrangement of the acoustic foramina of Bombina (SLABBERT 1945; 
author) and Megophrys parva (RAMASWAMI 1940) is identical to that of 
FTyla. 

The, configuration of the perilymphatic foramina of Ascaphus was not 
discussed by DE VILLIERS (1934). WAGNER (1934a) noted the unusually 
anterior position of the foramen perilymphaticum superius in Ascaphus 
and in Leiopelma, which is reminiscent of the ontogenetic position of this 
foramen in Rana (Gaupp 1904). In agreement with pe ViLLters (1931 b) 
for Anhydrophryne and pu Torr (1934) for Crinia WAGNER regarded it 
as a case of partial neoteny, an explanation which was subsequently applied 
to similar conditions in Elachistocleis (PENtz 1942) and in Alytes (MAREE 
1945). Like Pusry (1943) WAGNER homologized the posterior of the two 
perilymphatic foramina in Ascaphus and in Leiopelma with the foramen 
perilymphaticum inferius of Rana. This homologisation, however, implies 
rather unusual mutual relations between the two perilymphatic and the 
jugular foramina. 

If, however, Maree’s interpretation for Alytes is accepted, then a 
merely topographical comparison between Alytes and Ascaphus suggests 
an entirely different interpretation for the latter. The foramen perilym- 
phaticum inferius of Alytes corresponds almost exactly to the opening into 
the labyrinth cavity of the subcapsular space of Ascaphus, i.e. PUSEY’s 
(1943) ‘‘fenestra rotunda”, and the cartilaginous floor of the anterior part 
of the saccus perilymphaticus of Alytes (author) corresponds to the floor 
of the subcapsular space in Ascaphus. It may therefore be justifiable to 
homologize these structures in the two genera under discussion, in which 
case the latter possesses no functional foramen perilymphaticum inferius. 
This agrees perfectly with the circumstance that Ascaphus also completely 
lacks an extracapsular saccus perilymphaticus and a membrana tympanica 
secondaria. The so-called foramen perilymphaticum inferius of WAGNER 
and PusEy may then represent the retained foramen perilymphaticum 
accessorium of Rana (Gaupp 1893) and the ductus reuniens would actually 
be intracranial as it is in Pelobates (HARRISON 1902, quoted from 
KRUIJTZER 1931). 

In a sense this interpretation is supported by the conditions obtaining 
in Hynobius (OKaJIMA 1911) and Cryptobranchus (AOYAMA 1930) which 
are apparently unique among the Urodela in possessing two perilymphatic 
foramina. Topographically these foramina are apparently identical with 
those of Ascaphus, and OxajIMaA (op. cit.) has given the same interpreta- 
tion to them as WAGNER and Pusey. But vAN SETERS (1922) remarks 
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that the two foramina of Anura do not arise by division of a single fora- 


men in the medial capsular wall as in the case of Hynobius. Ontogenetic- 


ally, therefore, the posterior foramen of Hynobius is not homologous with 


the foramen perilymphaticum inferius of Anura and may well correspond 
to the foramen perilymphaticum accessorium of Kana. 

Conditions similar to those in Ascaphus, Leiopelma, Hynobius and 
Crytobranchus are encountered in Hymenochirus (author), they are 
possibly represented in Bombina (author) and, according to KRUIJTZER 
(1931), in Pipa (HARRISON 1902) and Xenopus (ViLLy 1890) as well. 
KoTrHAUs (1933) and PATERSON (1939) neither confirm nor reject the 
above statements in regard to Xenopus. If the present interpretation 1s 
accepted, Hynobius, Leiopelma, Ascaphus and Alytes, in the order 
mentioned, almost perfectly bridge the gap between the Urodela and the 
Anura in this respect. Alytes also seems to be transitional with respect 
to the foramina acustica (author). 

VAN SETERS (1922) associates himself with Harrison (1902) in 

considering the absence or poor development of the recessus partis basilaris 
in the U’rodela and in Pipa as the cause of the failure of the foramen 
perilymphaticum inferius to develop in these forms. Whether this view 
is supported by the conditions obtaining in Ascaphus and Leiopelma, must 
await additional research for, although WAGNER (1934a) reports the 
presence of this recess in these genera, she offers no further comment. It 
does not seem likely that the absence of the foramen perilymphaticum in- 
ferius, the saccus perilymphaticus and the membrana tympanica secondaria 
in these genera is associated with the complete absence of the middle ear 
in Ascaphus and in Leiopelma (DE VILLIERS 1934, WAGNER 1934 a) and 
its variable degree of development in Bombina (STADTMULLER 1931). 
The middle ear is completely, though weakly, developed in Pipa (DE VIL- 
LIERS 1932) and in Elachistocleis (PeENtTz 1942). A discussion of the 
possible primitiveness implied must await further research. Should it 
prove to be primitive, the foramen perilymphaticum accessorium of Kana 
would gain a new importance. 
The inclination of the fenestra ovalis of Ascaphus and of Leiopelma, 
although similar to that of Rana, must, according to SAvVE-SODERBERG 
(1936), be considered as primitive when compared with that of the 
Disc gl ssidae 

‘he mode of exit of the n. trochlearis constitutes one of the differences 

between the Anura and the Urodela, for whereas in the former it fairly 

antly traverses a foramen (five on one side in stage C of Calypto- 
cephalus and three on each side in stage EF, REINBACH 1939) in the cranial 
side-wall, dorsally, antero-dorsally or postero-dorsally to the foramen 


opticum, .Wegalobatrachus is the only urodele in which this is the case 
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(GAUPP I9II, STADTMULLER 1936). The mode of exit of this nerve in 
urodeles is discussed by Gaupp (1911). The lateral border of the parietal 
bone is generally curved downwards to form a pars orbitalis resting upon 
the dorsal edge of the orbitosphenoid. The foramen trochleare is situated 
in this flange and not in the orbitosphenoid. In Salamandra (FRANcIs 
1934) and in Triturus (GAUPP 1911) the nerve may emerge either through 
one or more foramina in the parietal or between the latter and the dorsal 
edge of the orbitosphenoid. As in Ascaphus, the parietal of Ambystoma 
tigrinum is not curved downwards laterally, and the nerve traverses it in a 
dorsal direction. In this respect, therefore, Ascaphus (and apparently 
Leiopelma, author) is unique among the Anura. 

Probably Gavupp (1911) was right when he considered the anuran mode 
of exit as the more primitive, for apparently similar conditions obtain in 
Rhizodopsis (Crossopterygii) and in an unidentified Eotriassic laby- 
rinthodont (SAVE-SODERBERGH 1936 and 1944 resp.). GAUPP considered 
the urodelan condition to be associated with the poorly developed carti- 
laginous side-wall and the correspondingly stronger development of the 
membrane bones of that region, whereby the latter has come to participate 
in the formation of the cranial side-wall. Alytes (MAREE 1945) would 
then form a perfect intermediate stage, for here the n. trochlearis traverses 
the cartilaginous side-wall as well as the overlapping frontoparietal. Since 
the cartilaginous side-wall is very complete in Ascaphus, it is doubtful 
whether the above explanation applies to this genus as well. 

The commissura praefacialis is present in all the representatives of the 
Leiopelmidae and Discoglossidae thus far examined. It was also present 
in the Crossopterygti, but SAvE-SODERBERGH (1936) denies its existence in 
Labyrinthodontia, suggesting that the Crossopterygii and the Laby- 
rinthodontia each represent two extreme specialisations from an inter- 
mediate condition. He probably did not consider the possibility of a com- 
mon exit for nerves VII and VIII in the latter, a condition which Gaupp 
(1906) considered to be primitive. 

Like the commissura praefacialis a facial canal (hyomandibular canal in 
the case of Leiopelma) is characteristic of both the Leiopelmidae and the 
Discoglossidae. As regards the ontogeny of this canal STaDTMULLER (1936) 
divides the urodeles into two groups. In the one group the canal does not 
communicate with the labyrinth cavity at any stage in the ontogeny (Nec- 
turus). In the other the canal is only gradually shut off from the labyrinth 
cavity by a cartilaginous roof chondrifying in a latero-medial direction 
(Salamandra). Alytes (VAN SETERS 1922) and Ascaphus apparently belong 


to the latter group. In the latter genus, however, the chondrification of the 
roof of the canal is not completed, and it permanently communicates with 
the labyrinth cavity. Although primitive compared with other Anura, Asca- 
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phus may, therefore, well be considered neotenic in this respect when 


compared with Salamandra and Alytes, instead of being primitive as main- 


tained by Pusey (1943). This conclusion would be supported by DE BEER’s 


(1937) statement that “in early stages of ontogeny it is common for the 


floor of the auditory capsule to remain unchondrified”. 


The above discussion suggests that many of the features of the tadpole 


skull of Ascaphus, especially nos. 1 to 5, which Pusey considered to be 


primitive, may be intimately associated with the possession of a sucker 


mechanism. Until, therefore, the sucker mechanism can be proved to be a 


retention of an ancestral larval condition, they should be regarded as 


specialisations. Among the exclusively larval features which may still prove 


o be primitive are those associated with the attachment of the processus 


ascendens to the neurocranium, the insertion of the ligamentum cornu- 


quadratum laterale and the pattern of the suprarostral cartilages. To these 


ight probably be added the number and arrangement of the acoustic and 


1g 


perilymphatic foramina, the mutual relations of the processus oticus and 


the processus ascendens, the presence of a commissura praefacialis and 


facial canal, the mutual relations of the ganglia of V, VII (+ VIII) and 


of the n. abducens and r. profundus of V, and the inclination of the 


fenestra ovalis. 


B. THE ADULT PROCESSUS OTICUS. 


The meagre evidence concerning the development of the ‘‘crista parotica”’ 


in the Anura seems to suggest that it arises from at least two quite distinct 


centra: the auditory capsule and an additional centre concerning which there 


is, as yet, nO agreement. 


The capsular portion, not equally well developed in all the species examined 


thus far, develops fairly constantly prior to metamorphosis and has been 


referred to as the “tadpole crista parotica” (PUsEY 1938). 


The additional portion, however, develops during metamorphosis and has 


been variously referred to the palatoquadrate in Rana (Gavupp 1893), the 


hyoid arch in \Jegalophrys montana and Alytes (KRUIJTZER 1931), the larval 


otic process and the palatoquadrate debris plus a chondrification from an un- 


identified cloud of mesenchyme (Pusey 1938) and one or more branchial arches 


in Xenopus laevis (KOTTHAUS 1933). It may, however, be unwise at this stage 


to compare the conditions in Xenopus with those of the other Anura for, apart 


from the fact that the crista of Xenopus, as described by KoTTHAUS, is a very 


specialized structure, his description of it apparently does not embrace its entire 


development right up to the adult stage. Moreover, although she does not 


describe the development of the crista, PATERSON’s (1939) figures differ 


completely from those of Kotrnaus in respect of this structure. Nevertheless, 
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from the evidence at hand we may conclude that the controversial portion of 
the “‘crista parotica” is at least not of neurocranial but of visceral origin. One 
should also bear in mind that the Aglossa are palpably neotenic. 

In Rana (Gavupp 1893, Pusey 1938) the tadpole’s processus oticus is first 
fused to the auditory capsule only and subsequently to both it and the anterior 
end of the later developed capsular crista parotica. In Xenopus the medial por- 
tion of the process is first fused to the anterior cupola of the capsule, whereas 
its lateral portion is afterwards fused to the capsular crista. In the youngest 
specimen of Ascaphus available it is already fused to the capsule in front, and 
to the capsular crista behind. The above-mentioned relations of the larval pro- 
cessus oticus to the auditory capsule and its portion of the crista thus seem 
to be fairly constant. In the adult Ascaphus, as in all other Anura, the post- 


‘ 


metamorphic portion of the ‘“‘crista”’, labelled in the figures as ad.cr.par., bears 
identical relations to these structures, and it is this portion which effects the 
secondary attachment of the palatoquadrate to the auditory capsule. It there- 
fore serves the same function as the larval processus oticus. It is also derived 
from incompletely destroyed remnants and disintegrated tissue of this process. 
Moreover, the sharp distinction between the older capsular and the juvenile 
palatoquadrate cartilage is not preserved beyond the anterior border of the 
fenestra ovalis, and it is invested laterally by the squamosum, a bone primarily 
associated with the palatoquadrate. In view of these facts it may therefore 
be suggested that, what has hitherto been called the anterior portion of the 
adult crista parotica (Gavupp’s pars cartilaginea, 1896) is of palatoquadrate 
origin in Ascaphus and constitutes the ‘adult processus oticus”; in fact, it 
represents the reconstituted larval processus oticus. 

The processus basalis is joined to the adult processus oticus by a band of 
cartilage which, although derived from the posterior portion of the larval 
palatoquadrate, remains patently distinct from the adult palatoquadrate body. 
It may even be separated from the latter by a distinct layer of connective 
tissue. The anterior portion of the adult processus oticus and the processus 
basalis thus form a complex, clearly marked off from the pars quadrata palato- 
quadrati and bearing to each other, to the auditory capsule and to the pars 
quadrata, relations at least superficially similar to those of the epipterygoid 
of Capitosaurus and other extinct species. But for the different interpretations, 
comparable relations are also encountered in Rana (PusEy 1938) and Alytes 
( KRUIJTZER 1931) where the “adult crista” (adult processus oticus) is joined 
to the “‘processus pseudobasalis” (processus basalis) by “‘quadrate debris” 
and the “processus dorsalis of the processus basalis” respectively. The juvenile 
character of this complex is clearly preserved in the adult skulls of Bombina 
and of Alytes (author). It is important to note, moreover, that KRUIJTZER 


‘ 


found the greater portion of the “‘crista parotica” of Alytes to be formed by 


the processus dorsalis which MAREE (1945) labelled as processus oticus. This 
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ms to obtain also in Arthroleptides (pu Torr 1938), Crinia (pu 
Petropedetes (pu Torr 1943), where it is referred to as the pro- 
and in Rana hexadactyla (RAMASWAMI 1935), Kaloula (Ka- 


B. melanostictus and Nectophryne (RAMASWAMI 1937) and 


Torr 1933), Where it is referred to as the “transitional car- 


] 


ilso indicated but not annotated in Cacosternwm (DE VILLIERS 

Sa). Obviously it is this relation which induced pu Torr (1938, 

4k that in Arthroleptides the processus basalis “is in reality 

the processus oticus to which it is attached by a broad laterally 

This, of course, also supports the view put forward 

hat, in spite of its relations to the r. palatinus VII, the processus 

is homologous with the processus basalis (pseudobasalis) 
genera, and, in fact, all the other Anura. 

the adult processus oticus with the anterior portion 

is accepted, then the problem concerning the homologies 

ind so-called adult processtis otici immediately falls away. This 


however, also solved by the hypothesis concerning the homology 
processus oticus of Rana advocated by Pusey (1938, 1943). Funda- 
his hypothesis is the assumption that the ranid attachment of the 
rocessus oticus only to the postero-lateral corner of the palatoquadrate 
primitive one. This conclusion is disproved by the above interpreta- 
conditions obtaining in Ascaphus. (See critical discussion). In 
homologies of the commissura and of the anterior 

s muscularis, Pusey refers to the similar mutual relations 

is basalis and the processus oticus, but the equally intimate 

- processus ascendens and these structures is overlooked. It 

r the capitosaurian processus oticus and part of the 

become transformed in the way suggested, without 
processus ascendens. Pusey’s hypothesis might be 
btaining in Ascaphus if: (a) his identification 

of this genus were correct and (b) if some part 

actually featured in the postmetamorphic attach 

irate to the auditory capsule. On p. 525 he states that 
always through the base of - tadpole otic process” 
iterpretation of the tadpole otic process of Ascaphus, as well 
is disproved; for the adult otic attachment is effected 
interpret as larval processus oticus. And furthermore, the 
destroyed during metamorphosis. The 

(with the possible exception of no. 1) 


‘ processus oticus, but with the pars articularis 


entire posterior portion 
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of the larval anuran palatoquadrate body represents the ancestral labyrinthodont 
epipterygoid which, although it may not bear all the processes typical of this 
bone (e.g. processus basalis), nevertheless possesses the potentiality of devel- 
oping everyone of them. It is, in fact, this portion of the palatoquadrate 
body from which the adult processus basalis of Ascaphus originates. In Rana 
and other frogs this portion of the palatoquadrate body may have acquired 
greater caudo-rostral dimensions than in <lscaphus. The only real difficulty 
is that the pars quadrata lies in front instead of behind it in the tadpole. Yet, 


it eventually occupies the adult ancestral position in the adult frog (cf. figs. 
29 and 30 with StTapTMULLer 1936, fig. 424). In the latter the ancestral 
epipterygoid would then be represented by the processus oticus-processus dor- 


salis-processus basalis complex. 


THE, PROCESSUS. BASITRABECULARIS. 


Until recently it was universally accepted that a processus basitrabecularis 
was entirely absent in the Anura. In 1934, however, DE ViILLiers described 
the adult skull of Ascaphus in which he found the processus basalis articu- 
lating with a lateral cartilage ledge of the auditory capsule (adult auditory 
ledge of this paper). The latter structure lies partly in front and partly behind 
the level of exit of the r. palatinus VII. Applying the criterion established 
by pE BEer (1926), Pusey (1938) provisionally homologized the prepalatine 
portion of this ledge with a true processus basitrabecularis. Subsequently 
(1943) he confirmed this conclusion by a personal examination of a partly 
grown larva of Ascaphus. Its identity was, almost exclusively determined by 
reference to its relation to the r. palatinus of VII. Yet, apart from this nerve, 
whose exit from the neurocranium can by no means be considered constant, 
there must surely be additional anatomical relations worthy of consideration 
before a final decision can be arrived at. 

According to DE BEER (1937, p. 391) “the basitrabecular process is a 
lateral projection of that hindmost portion of the trabecular bar which is 
formed of the polar cartilage when that element chondrifies independently”. 
It must, therefore, be a trabecular derivative. 

‘rom my own observations the anatomical relations of the larval auditory 
ledge of Ascaphus may be summarised as follows. It is attached to what may 
be called ( following PUSEY 1943), the effective floor of the auditory capsule 
and lies entirely behind the level of the foramen prooticum, consequently far 
behind the niveau of the foramen caroticum primarium. Furthermore it lies 
behind the pituitary fossa and the posterior borders of the processus ascendens 
and the pila antotica. Its line of attachment to the auditory capsule lies laterally 
to the exit of the r. palatinus |I1, whereas its greater portion lies behind the 


a. orbitalis, the commissura praefacialis and the foramen palatinum. It further 
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ventral to the extracapsular portion of the ganglion geniculatum, the exit 


of the r. hyomandibularis VII and the point of fusion of the r. communicans 


IX with VII. Finally its lateral edge is fused to the larval processus basalis. 


Current literature offers ample evidence for the conclusion that no lateral 
extension of the basis cranii, bearing the relations summarised above, can lie 
trabecular region of the latter, but must be associated with its post- 
region. A few references will suffice in support of this statement. 
to GoopRICH (1930) the commissura pracfacialis is an upgrowth 
basale. bE BEER (1937) states that the pila antotica lies 
anterior to the foramen prooticum and is attached to the parachordals in the 
intero-lateral corner of the planum basale. In this connexion the latter author 
(1926) also drew attention to the following interesting facts: that the dorsum 
llae in Selachii and most tetrapods is bounded laterally by the pilae antoticae 
ind the prefacial commissures; that the dorsum sellae, acrochordal and prootic 
ige, together with the parachordals, form the planum basale; that these 
tures (i.e. dorsum sellae, acrochordal and prootic bridge) are not part 
original cranial floor. From these last-mentioned facts it is clear that 
EER does not consider the trabeculae as contributing towards the forma- 

| the planum basale. 

If one assumes the ledge to be of neurocranial origin, it could still be a lateral 
extension of either the true capsular floor or of the planum basale. My own 
observations, on the other hand confirm Ptusey’s (1943) conclusion, that the 
true cartilaginous floor of the auditory capsule of Ascaphus has been almost 
completely suppressed in the region of the ledge. This suppression is ascribed 
to the absorption into the anterior part of the capsular floor, of the displaced 
processus basitrabecularis (Pusey, op. cit.). But it is not equally reasonable 
to assume that this also is the cause of the suppression of the floor more 


posteriorly where, according to Pusey, the effective floor is formed by the 


1 


planum basale projecting laterally. Pusey supports his interpretation by 
referring to the observations of Watson (1940). Although there are no 
reasons to doubt the latter’s conclusion concerning the phylogenesis of the 
basicranial articulation in Amphibia, it should be noted that in Protobatrachus 
(Watson 1940) the foramen palatinum is neither figured nor referred to in 
the text. The postulated processus basitrabecularis could not therefore be 
ibmittes the crucial palatine test, so that Watson had to derive support 
for his suggestion by accepting Pusey’s (1938) interpretation for Ascaphus. 
Protobatrachus cannot, therefore, in turn be offered as support of the original 
interpretation for Ascaphus. Referring to the ledge of the latter Watson 
(1940, p. 223) remarks that “it is remarkable, indeed unique, in the extreme 


distance for which it extends laterally”. In spite of this he accepts its homo- 
logy with a processus basitrabecularis. 


the auditory ledge of Ascaphus, therefore, belongs to the neuro- 
J 
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cranium, it could only represent a lateral extension of the planum basale. Prob- 
ably STADTMULLER (1936), DE Beer (1937) and Pusey (1938) were aware 
of similar relations elsewhere for they all refer to a processus basitrabecularis 
of the planum basale! Nowhere have I come across an explanation of this 
statement. 

The problem is still further complicated by the circumstance that the audi- 
tory ledge may not be of neurocranial origin at all, but a derivative of the 
palatoquadrate. De BEER (1937, p. 392) states that ‘the existence of a basi- 
trabecular process in Dipnoi and in Urodela is difficult to establish or refute 
owing to the precocity with which the pterygoquadrate undergoes autosystylic 
fusion with the neurocranium (and which might either involve a basal or 
basitrabecular process or both)”. This is in agreement with E:DGEWORTH (1935) 
who writes (p. 28): The basal bridge 


‘is formed in Megalobatrachus by the 
fusion of the basal processes of both the palatoquadrate and the parachordal 
cartilage, but usually only by a basal process of the palatoquadrate. This fuses 
with the parachordal cartilage in Ablystoma, Menopoma, Siren and Proteus, 
with the prefacial commissure in Necturus and with the floor of the auditory 
capsule in other genera.” A case in point is described by STADTMULLLR (1924) 
in Salamandra maculosa. In this species the premetamorphic fusion of the 
processus basalis with the auditory capsule is severed during metamorphosis 
along a line apparently latero-rostral to the previous fusion. The medial por- 
tion of the ‘‘primary processus basalis” remains continous with the capsular 


floor as a rostro-ventro-laterally directed process of the latter and fused antero- 


laterally to the floor of the facial canal. 


It should be remembered that the adult processus basalis and auditory 
ledge of -lscaphus are represented as anlage by an undevided cell condensa- 
tion, definitely not of capsular origin, and chondrifying from two centres. 
These centres are interconnected by the unchondrified mesenchymatous tissue 
almost up to the adult stage. The posterior centre gradually replaces the larval 
ledge completely, being to a great extent formed from the rechondrification 
of the eroded tissue of the latter. Histologically it remains permanently distinct 
from the auditory capsule. On account of its gradual chondrification in conti- 
nuity with the floor of the auditory capsule, the adult auditory ledge creates 
the impression of growing out from the latter. Yet its intimate association with 
the adult processus basalis and its common origin with it makes it almost 
certain that Ascaphus, in this respect, constitutes a parallel case to Salamandra. 
This constitutes the most convincing evidence against Pusrey’s homology. If 
the adult auditory ledge may be regarded as being of palatoquadrate origin, 
representing the postero-medial portion of the processus basalis, then the same 
applies to the larval auditory ledge. 

The arguments against the homology of the adult auditory ledge of Ascaphus 
with a true processus basitrabecularis are further supported by the conditions 
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least some living Anura. Laterally or latero-ventrally directed auditory 


ges have also been described for the adults of Leiopelma (WAGNER 1934 b), 
Jophrys 1931), Alytes (IXRUIJTZER, Op. cit., RAMASWAMI 1942, 
945), Bombina (SLABBERT 1945), Schoutedenella (MAAs 1945) and 
van ZyL, in press). The processus basalis invariably articulates 
is ledge which is not ossified (at least not completely) in any of the 
tioned genera. The r. hyomandibularis proceeds backwards dorsally 
the cornu hyale is fused to it postero-laterally in Leiopelma and in 
is. According to Maree (1945), however, the attachment of the 
vale to the neurocranium is a variable feature devoid of phylogenetic 
in the Anura, so that the absence of similar connexions in the 
g under discussion is not surprising. The ledge is partly invested 
the parasphenoid in Discoglossus and in Leiopelma. In view of 
tions to the parasphenoid, this ledge approaches a processus basitrabe 
is much more in the two last mentioned genera than it does so in 
For this genus it is nevertheless rejected as such on account of its 

ns to the r. palatinus VII. 
idence concerning its development is very unsatisfactory. According 
IN rZER (op. cit.) the “processus ventralis” of Megalophrys starts devel 
¢ prior to metamorphosis. Its origin is not the same as that of the “pro- 


essus lateralis” of Alytes which first starts “growing out” from the floor ot 


capsule during metaii rphosis. Since the ledge is absent during 


tamorphic stages of Discoglossus (PUsEY 1943), it must, in the latter, 


Iso have developed during metamorphosis This corresponds to the time of 
opment of the adult ledge of Ascaphus. Moreover, in Alytes it is, 

one stage of its development, joined to the developing processus basalis by 
s of cartilage, thereby possibly indicating a continuity of origin as in 


aphus. The absence of a larval ledge in these genera may be associated with 

absence a premetamorphic palatobasal connexion and: may support the 
n that the former belongs to the larval processus basalis. 

Thus, bot the anatomical relations and the few known facts concerning its 


clopment seem to suggest that the auditory ledges of Alytes and Discoglossus 


possibly also of Bombina and Leiopelma) are homologous with that of 


aphus. In fact, the nomenclature applied to the postpalatine portion in 
aphus (Pusey 1943) and to the entire ledge of Bombina (RAMASWAMI 
42), a postpalatine commissure in each case, already implies a certain degree 
homology. But it cannot be too strongly emphasized that the adult auditory 


prepalatine and _ post- 


ge of Ascaphus does not develop from separate {| 


ralatine portions and bears no direct relations whatsoever tothe r. palatinus 


[I]. That a portion of it lies anterior to the level of exit of this nerve cannot 
lenied, but that is quite a different matter and can easily be explained. 


ire 40 represents diagrammatic reconstructions of the ganglia of V and 
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Fig. 40. Diagrammatic presentation of the arrangement of the ganglia of V, VII and VIII 
and the two main branches of VII in A—Ascaphus, B—Letopelma, C—Bombina and 
D—Al|ytes. 


VII, and of the root, the r. hyomandibularis and the r. palatinus VII of 
Ascaphus, Leiopelma, Bombina and Alytes, all applied to the cranial ground 
plan of Ascaphus. From these figures it is evident that in none of the three 
last-mentioned genera does the ganglion geniculatum lie so far behind the 


ganglion GASSERI as it does in Ascaphus. On the contrary, these genera re- 
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present various stages in the process of the approximation of the ganglion of 
VII to that of V. In Alytes this approximation has almost reached the ranid 
condition. A comparison of fig. 168 (GAUPP 1904, p. 717) with fig. 15, Pl. 11 
Pusey 1943) shows that in Ascaphus and in Rana the relations of the fora- 
nen prooticum to the foramen acusticum anterius are approximately the 
same. Comparing, now, the relative distances of the-ganglion geniculatum from 
the foramen acusticum anterius in these genera it seems fairly justifiable to 
conclude that the latter ganglion has during phylogeny shifted forwards and 
has ultimately become fused to the ganglion of V. As pointed out in con- 
nexion with Leiofelma, the ganglion geniculatum had first to be “pulled down- 
wards” through the foramen palatinum before it could approach the ganglion 
GASSERI subcapsularly. The result was that the r. palatinus VII ceased to 
emerge through a foramen of its own. A similar migration of the ganglion 
geniculatum is indicated during the ontogeny of Ascaphus. The root of VII 
gradually takes a more caudo-rostral course and in doing so it cuts through 
the commissura praefacialis from behind in the manner suggested by GAupp 
1911) for nerves in general. (Cf. Bombina and Leiopelma). In this way it 
gradually comes to lie more intracranially and finally proceeds directly for- 

rds towards the foramen prooticum inside the cavum cranii. The prefacial 
ure, without being destroyed, as Pusey (1938, 1943) suggests, thus 
becomes postfacial. The foramen prooticum of Rana, therefore, need not re- 
present the product of fusion of the facial and trigeminal foramina of Ascaphus, 


following Gaupp (1911) it might still be called a foramen trigeminum. 


The influence of this migration of the ganglion of VII on the origin of its 

is is self-evident so that, within the Anura, this nerve has completely 

importance as a criterion in connexion with the basicranial articulation 

he following bit of advice of Gaupp (1911) in this connexion, therefore, 

still proves to the point (p. 441): “...nicht wberschatzen und nicht unter 
schatzen, sondern in jedem Einzelfalle abschatzen.” 

It is interesting to note that LUTHER (1924) has succeeded in experimentally 
ing the unification of the ganglia of V and VII in Bombina; he thereby 
established at least one possible factor (the membranous labyrinth) which may 
ave played a part in this process during phylogeny. 

he arguments put forward above, I do not doubt the homology 

of the entire adult auditory ledge of Ascaphus with that of the other genera 
der discussion. Furthermore, I consider this structure to belong to the palato- 
quadrate, representing the postero-medial portion of the actual processus basalis 
hich has become fused to the auditory capsule. Its articulation with the 
palatoquadrate portion of the processus basalis represents a secondary joint, 
which may be formed anywhere in the original processus. This accounts for the 


variable dimensions of the auditory ledge in different anuran genera. 
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D. THE PROCESSUS BASALIS (“PSEUDOBASALIS”). 


Although puzzled by its mode of development Gaupp (1893) was of opin- 
ion that a true processus basalis was present in Rana where it is first fused 
and subsequently articulated with the auditory capsule without the intervention 
of a processus basitrabecularis. This interpretation was universally accepted 
by subsequent workers including pE BEER (1926). The latter author did not 
doubt the homology of the palatoquadrate process of Anura but only drew 
attention to its unusual postpalatine articulation with what he called a “‘post- 
palatine commissure” of the neurocranium. Such an articulation he designated 
as ‘“‘pseudobasal”. 

This designation has never impressed one as being felicitously chosen, since 
any structure is a true one of its kind and not a false one of another structure. 

KRUIJTZER (1931) was the first to reject GAUPP’s homology of this process. 
He instead claimed its homology with the pharyngohyal of Neoceratodus and 
the stapes of Urodela. 

Rejecting both Gaupp’s and KrutjTzER’s views, Pusey (1938) advanced 
a new hypothesis according to which the functional processus basalis of the 
adult Rana and other Anura, represents the product of fusion of the detached 
processus basitrabecularis of the ancestor and the postpalatine commissure of 
Ascaphus and other forms. Following pE BEER (1937) he referred to this as 
a processus pseudobasalis. This nomenclature has since been widely accepted, 
and up to the present Ascaphus was considered as the only known living anuran 
to posses a true processus basalis. The latter assumption is based on the rela- 
tion of the r. palatinus VII to this structure. Pusey further maintained that 
the ancestral processus basalis was to be sought in the commissura quadrato- 
cranialis anterior of the tadpole. He suggested that in Ascaphus this structure 
became, by its detachment from the trabecula and the backward rotation of the 
palatoquadrate body during metamorphosis, the processus basalis of the adult. 
In this way he suggested a solution to the problem of the homology of the 
commissura quadratocranialis anterior, and at the same time he attempted to 
account for the absence of a processus basitrabecularis in Anura. When, in 
1943, he found both the commissura and the larval processus basalis of 
Ascaphus to conform to the requirements of the typical craniate processus 


basalis, he introduced for them the terms “anterior” and “‘posterior basal pro- 
cess” respectively and considered them to represent the products of division 
of the ancestral processus basalis. One is therefore led to infer that he 
excepted these structures to re-unite in Ascaphus during metamorphosis to 
form the processus basalis of the adult. But this does not happen! The com- 
missura may, however, have originated from the ancestral processus basalis 
during the phylogeny of the Anura. This will be discussed subsequently. 


The problem has now to be faced as to whether the larval or the adult 
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lscaphus represents the ancestral processus basalis; for each of 

rs to the definition of the latter. But it has been shown above that, 
rval process may not be incorporated in toto in the adult pro- 
tainly does contribute towards the cell condensation from which the 
fies. It may be argued that it does so only to the posterior portion 
wlensation from which the adult auditory ledge subsequently chondri- 
this would support the contention advanced that the latter is, at least 
palatoquadrate origin and represents the postero-medial portion of 
processus basalis which had become detached and fused to the effec 
auditory capsule. The alternative interpretation that the larval 
processes represent the ancestral processus basalis and a pro 
lobasalis respectively leads to absurdities. According to PUsEy’s 
es this would imply that the processus basalis and the processus bast- 
is have changed places; for, as stated above, the larval processus 
partly rechondrifies into the adult auditory ledge, 

processus pseudobasalis, according to PusEy, represents the 
estral processus basitrabecularis. There is, moreover, the evidence 
uestionable palatoquadrate origin of the adult processus basalis, and 
relations of the larval and adult processes to the skeletal elements, 

Is. The only apparent obstacle to the, homologisation of 

ith a true processus basalis is presented by the a. orbitals. 
bloodvessel referred to in Ascaphus should actually represent 


latter has no constant relations to the processus basalis, 

1936) would have it, for DE BEER (1924, 1926) makes no 

f this artery to the palatobasal articulation in 

ct, in Megalophrys (IKRvIJTZER, op. cit.) it proceeds 

palatoquadrate process which, according to Pt SEY’S con 

presents a processus pseudobasalis. Furthermore, the artery 

in this connexion in Rana (Gaupp 1893, Pusey 1938) and 
in the adult or juvenile Ascaphus 

unnecessary to distinguish between these two palato 


Ascaphus in a comparative anatomical or a phylogenetic 


occurrence of a similar larval palatobasal bridge in a few 


two of which are, like Ascaphus, sucker-bearing 
is suggested that the bridge is to be regarded as a specialisa- 

| the tadpole palatoquadrate from which, normally, the pro- 

lis subsequently develops ontogenetically. It thus represents only 
the adult processus basalis, developed precociously to meet the 
needs of the tadpole. lor mechanical reasons it has to be, at least 
lestroyed during metamorphosis, only to be subsequently rechondri- 
tinuity with the rest of the processus basalis. A direct parallel 1s 


otic processes of the tadpole and the adult. It may prove 
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to be a primitive feature only when the possession of a sucker mechanism 
has been proved primitive as well, which seems, to say the least of it, very 
unlikely. 

Apart from its problematical origin in Rana (GavuppP 1893, Pusey 1938) 
there are quite a number of facts supporting the homology of the processus 
‘““pseudobasalis” of Rana and other Anura with the adult processus basalis of 
Ascaphus. These are: its function; its independent chondrification during 
metamorphosis and its secondary attachment to the palatoquadrate in Hana 
(Gavupp, Pusey), Megalophrys and Alytes (IKRUIJTZER 1931); its direct con- 
nexion with the adult processus oticus (anterior portion of the adult crista 
parotica of previous litterature) by means of the rechondrified palatoquadrate 
debris in Rana (Pusry 1938), the “processus dorsalis” of the processus 
basalis in Alytes (INRUIJTZER 1931), the “processus oticus” in some and the 
“transitional cartilage” in other Anura (see elsewhere) ; its relations to all the 
nerves and bloodvessels which are of importance to the suspensorial region 
(the exceptional relations of the r. palatinus VII have already been dealt with) ; 
and its relation to the pterygoid bone. Gaupp (1893) considered the r. 
hyomandibularis VII as the only nerve of importance for homologising the 
processus basalis, and he found no fundamental differences between the rela- 
tions of this nerve to the processus basalis in Rana and in Urodela. Yet 
IXRUIJTZER (op. cit.) rejects the homology of these structures on the grounds 
that in the Urodela, the r. hyomandibularis emerges behind the processus basalis 
and does not pass out dorsally to it, as it does in the Anura. But although the 
palatoquadrate portion of the processus basalis lies in front of it in Ascaphus 
(cf. the Urodela), it still emerges dorsaly to the adult auditory ledge, i.e. the 
postero-medial portion of the process (fig. 36). Moreover, the explanation 
offered for the position of the r. palatinus of Anura also holds good for the 
tr. hyomandibularis. 

GaAvupp and Pusey’s observations on the development of the processus basalis 
(pseudobasalis) do not differ radically from my own, although Gavpp’s 
interpretation of facts comes nearer to mine than does that of Pusey. Both 
agreed that the posterior portion of the condensation seems to be associated 
with the auditory capsule. (Compare the origin of the adult auditory ledge of 
Ascaphus.) But whereas Pusey considered the anterior portion to be a con- 
densation in situ, GAUPP entertained little doubt as to the palatoquadrate origin 
of the prehyomandibular portion. Even if the anterior portion did condense in 
situ, it would not necessarily militate against its homology with a processus 
basalis for, if, as may be deduced from SEWERTZOFF (1923) and SEWERTZOFF 
and DisLer (1924), the latter represents a pharyngomandibular, its chonr- 
drification independently of the palatoquadrate would not be surprising. In 
addition Gaupp referred to the backward gliding of the palatoquadrate along 
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lateral surface of the processus basalis in the manner described for 


WATSON (1940) suggests that a steady progressive backward and sideways 
‘ment of the palatobasal articulation in successive stages of phylogeny 

y Eugyrinus, Miobatrachus and Protobatrachus in the order 

itioned. This suggestion is in a most remarkable way supported by the 
‘vations of REINBACH (1939), although the latter could not then have 
ted his facts that way. In Calyptocephalus he found a short, broad 


us basalis which, in addition to articulating with the auditory capsule 


in the usual anuran manner, possesses a distinct medially directed process. The 
terminates in a slightly expanded knob, antero-ventral to the foramen 
ticum, without, however, reaching the basis cranii. It is invested anteriorly 
ventrally by the pterygoid bone. If this process were to be continued until 
touched the cranial base, the r. palatinus VII would most likely proceed 
rwards ventrally to it. I do not consider it unlikely that Calyptocephalus, 
hi ect, constitutes an intermediate stage between the fossil Amphibia 
ing .Inura for, while it possesses the modern articulation with the — 

it has retained a perfect indication of the ancestral articula- 

is most unfortunate that ReInBACH could not trace the development 
processus basalis; his referrence, however, to the undefineable margin 
tween the “unversehrtem und aufgeléstem” cartilage in this region may 


suggest a rechondrification from liberated palatoquadrate tissue similar to that 


described for Ascaphus. 1 cannot evade the conclusion that, in addition to 


proving WATSON (1940), as quoted above, to be correct, it also proves the 


processus basalis of modern Anura to represent the backwardly displaced an- 


process. In this connexion it may be noted that PARKER (1881) figures 


skulls in which his “pedicle” (processus basalis of the adult skull) 
ther opposite or anterior to the level of the foramen prooticum and is 


‘ly or partially prepalatine. To these genera Discog- 


be mentioned in passing that PATERSON (1945) reports the 
Yymenochirus, of a prepalatine attachment of the palatoquadrate 

involving a true processus basalis and basitrabecularis. 

SEER 1926) this interpretation is correct, although, on 

| the exceptional synostoses of the cranial bones (DE VILLIERS 1932), 

‘dly possible to establish whether the articulation occurs between pro- 

cesses of the palatoquadrate and basis cranii or between the pterygoid and 
parasphenoid or both (author). In addition to the many mast extraordinary 
f skull of this genus the articular region of the palatoquadrate 

far forwards, in a position reminiscent of a metamorphic 


The exceptional palatobasal articulation may therefore 
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be explained as a case of neoteny. It, at any rate, does not invalidate the ar- 
guments for the above discussion. 

It is interesting to note that ReINBACH mentions no indication of a pro- 
cessus basitrabecularis in Calyptocephalus. This, of course, is easily explained. 
In a personal communication during a brief visit to this Institute Prof. War- 
SON expressed the opinion that the backward displacement of the processus 
basitrabecularis would stop as soon as it reaches the auditory capsule. It, 
therefore, seems logical to expect that, as soon as its function of providing 
an articular support for the processus basalis could be taken over by the 
auditory capsule, the processus basitrabecularis would cease to develop, (as 
it does in Anura) and it no longer becomes necessary to account for it. Both 
EEDGEWORTH (1935) and STADTMULLER (1936) consider it likely that in some 
urodeles the processus basitrabecularis may be absent, although the processus 
basalis is present. DE BEER (1937) adds the Dipnoi to this list. 

The adaptability of the articulation of the processus basalis with the neuro- 
cranium is further accentuated by extirpation experiments of LUTHER (1924). 
He has induced the suppression of the development of the auditory capsule 
with most interesting results. In the absence of the support offered by the 
auditory capsule the processus basalis becomes greatly changed in shape and 
extends backwards to become applied to the side-wall of the neurocranium 
and to the medial surface of the cornu hyale. 

In view of these facts it may be necessary to restate the definition of a 
palatobasal articulation so as to include the condition in Anura and those forms 
among other orders which, although possessing a processus basalis, lack a pro- 
cessus basitrabecularis. 


E. THE COMMISSURA QUADRATO-CRANIALIS ANTERIOR. 


From the current literature I am left in doubt as to which part of the larval 
ethmopalatine connexion actually represents the commissura quadrato-cranialis 
anterior. According to SPEMANN (1898, quoted from DE BEER 1937) the 
commissura develops as a process of the palatoquadrate, which efects fusion 
to the trabecula at a very early stage in the ontogeny. The only detailed evidence 
concerning its ultimate fate is supplied by Gaupp (1893) and Pusey (1938). 
In spite of different interpretations, the observations of these authors seem 
to correspond. PUSEY summarises these as follows (p. 519): ‘“The upper part 
of the commissura is destroyed from behind forward and the residue is rotated 
backward. — — — I*rom the lower outer part of the commissura the pterygoid 
process of the adult now emerges. The residue of the commissura is eroded from 
its upper, inner, surface and, below, the angle which it makes with the quadrate 
bar is opened by further cartilage erosion.” From this description, supported 
by excellent figures, it is quite obvious that the commissura, in the broader 
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Ascaphus, a portion of it persists 


lestroyed in toto but that, as in 
This is even more clearly illustrated in his diagram of Discoglos- 


3. fig. 7 E). In spite of the fact that on p. 447 GAUPP (1893 


PUSEY 194 
‘jes to prove that the commissura is by no means transformed into the pro- 
pterygoideus of the adult, he admits on p. 449, that the processus 


o-ethmoidalis together with a residual portion of the commissura forms 


essus Dt 


inent processus pterygoideus. It is to be noted that the above descrip- 
r to the commissura as the entire band of cartilage stretching 
pars articularis palatoquadrati to the trabecula. This, also, is the 
ng attached to it by VAN SETERS (1922), KRUIJTZER (1931), SEWERTZOFI 


and JARVIK (1942). 
\ccording to REINBACH’s (1939) interpretation of Calyptocephalus, however, 
‘ato-ethmoidal and pseudopterygoid processes are not processes of the 
the latter being limited to that portion lying medially to these pro- 
sEY’s hypothesis concerning the homology of the commissura (as 
ified 1 13) also suggests that the latter | anterior basal process ) 
cts connexion between the trabecula and the processus pterygoideus only. 
f Ascaphus he accordingly labels the distal portion of the car- 
is processus pterygoideus in contrast to the proximal commissura. 


7D, p. 159). It would thus seem that the commissura 
tricted to that portion of the cartilage band bordering on 
‘ts connexion between the trabecula medially and 
probably the processus pterygoideus. It is this 
which Pusey homologizes with the processus basalis or a part 
hich Remnpacu describes and figures as contributing towards the 


jasalis. The latter author accordingly distinguishes between a 


‘primarium” and “‘definitivum” 


ment of the skull of Ascaphus leaves little doubt that 


nmissura, used in the original sense, actually re 
posterior portion of the adult processus pterygoideus, 

o believe that the same applies to Kana, Calypto 

phrys and, perhaps, Bufo. This interpretation was 
already quoted, and is further supported by a 
of the skull of a partly meta 
Ascaphus with EpGewortu’s (1925) figures 51 and 52 
n. We know that this stage 
+1 - 
the commissura al 


in -lscaphus is reached by 


the proximal portion of 


bsequent ventral and backward rotation of 


upon the processus oticus as fulcrum. Judging from [pc 
the premetamorphic Ascaphus could, as far as the 


concerned, be restored from the figured skull of 


the process just described for Ascaphus. rom 


to the adult. 
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this line of argument it follows that the commissura of the latter is homologous 
with the processus pterygoideus of the former, fused along its dorso-medial 
surface to the ventral surface of the trabecular bar. This condition is, at least 
superficially, paralleled by Gymnarchus (AssHETON 1907, quoted from DE 
BEER 1937); here “the pterygoquadrate is remarkable in possessing a pterygoid 
process which is apposed to the side of the trabecula for a long distance, from 
the level of the olfactory foramen to that of the trigeminal nerve. So far as 
can be seen this long attachment, which is effected by a procartilaginous con- 
nexion between the pterygoquadrate and the trabecula, involves both the eth- 
moid and the basal attachments of other forms” (DE BEER 1937, p. 135). 

That this interpretation may also be applied to Rana is evidenced by the 
fact that the ranid condition may be easily derived from that of Ascaphus. 
In spite of Pusry’s pains to prove that the commissura of the latter is not 
an ethmoidal structure, such as that of the former appears to be, he had to 
admit that its anterior border in each case forms the postero-medial border 
of the internal nostril. But, whereas the commissura of Ascaphus slopes back- 
wards and outwards, with the pars articularis palatoquadrati lying behind the 
level of its most anterior attachment to the trabecula, that of Kana slopes for- 
wards and outwards, and the pars articularis lies anterior to its most rostrad 
attachment to the trabecula. The palatoquadrate body of Ascaphus need, there- 
fore, only to be stretched out in a caudo-rostrad direction and the processus 
pterygoideus shortened (cf. the rostro-caudal rotation of the commissura of 
Rana during metamorphosis) to produce the ranid condition. The shortening 
of the latter would become a matter of mechanical necessity for, 1n view 
of its relation to the internal nostril, its attachment to the basis cranii cannot 
spread forwards beyond the point it has already reached. Compare, in this 
connexion, text-figures 7 D and E of Pusey 1943. 

There is, however, evidence suggesting that the so-called processus maxillaris 
posterior of Ascaphus also develops from the commissura. This implies not 
only that the latter represents the entire adult subocular bar, but also that the 
processus maxillaris posterior really belongs to the palatoquadrate, representing 
the anterior portion of its processus pterygoideus. Were this interpretation to 
be accepted we would have, in Ascaphus, a processus pterygoideus whose 
anterior portion not only develops later than the posterior one, but also 
chondrifies independently of it. This is not unusual, however; for a pterygoid 
process chondrifying from more than one centre has been encountered in 
Ambystoma tigrinum (GAvupP 1891, quoted from WINsLow 1808), /chthyophis 
(Perer 1898), Salmo and Amia (DE BEER 1927 and 1937 resp.). It may 
chondrify entirely independently of the palatoquadrate in Salamandra maculosa 
(STADTMULLER 1924), Salamandra atra, Ambystoma punctatum, Spelerpes 
bilineatus (W1EDERSHEIM 1877, EDGEWORTH 1923b, quoted from STADTMULLER 
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1930), /ctalurus ( RYDER 1877, quoted from DE BEER 1937), Amiurus (KINDRED 
1919, WELLS 1922) and Clupea (WELLS 1922). 

\part from the apparent difference in its development there is no objection 

the homology of the processus maxillaris posterior of Ascaphus with that 

its development in the latter genus both Gaupp and PUsEY 

view that this structure of Rana belongs to the lamina 

BEER (1937) apparently endorses this view, and together with 

1938) he points out that it constitutes about half of the adult subocular 

were this view to be accepted, the processus pterygoideus of the 

Rana would not extend forwards farther than that of most urodeles. 

GAUPP (1906) was of opinion that the Anura might be more primitive 

('rodela in respect of their more elongated processus pterygoideus. 

ong the Anura, Hymenochirus (PATERSON 1945) is the only known genus 

hich the adult subocular bar is incomplete. GAUPP’s statement can only be 

if the processus maxillaris posterior of Kana is considered as belonging 

the processus pterygoideus and not to the nasal capsule. REINBACH (1939) 

refer to an enlongated processus maxillaris posterior in Calypto- 

but describes the line of fusion between the juvenile pterygoid and 

maxillary processes as indicated by a foramen for the transmission 

communicans between the r. maxillaris V and the r. palatinus VII. 

this foramen in Escaphus occurs between the lamina orbitonasalis and 

posterior maxillary process, REINBACH must also have considered the entire 

idult subocular bar as representing the processus pterygoideus. He further 

aintains that the ventral portion of the lamina orbitonasalis of Calypto- 

lus is derived from the commissura. In apparent agreement with this 

view SEWERTZOFF (1891, p. 153) writes: “Zweitens zerfallt beim erwachsenen 


r knorpelige Pr. palato-pterygoideus in zwei Theile, — den nasalen 


1) pterygoiden, — eine Ejigenthumlichkeit, welche dem Pelobates mit 


ist.”” VAN SETERS (1922) also indicates a possible relation between 
issura and the lamina of Alytes as follows (p. 457): “A mi-hauteur 
laterale et de la face dorsale de la commissure quadrato-craniale 
se trouve une saillie laterale qui se détache en un ‘processus ant- 
Moreover, the possibility that in Rana the commissure may in 
or other be associated with the development of the lamina, is not 
according to PusEy (1938, p. 519) “its base of attachment to 

j skull and the root of the trabecular horn is usurped by 
backward growth of the root of the antorbital process”. In 
mary of the metamorphosis he states (p. 518): “Before the 

he quadrate begins the antorbital process is formed from 

of the commissura close against the side-wall cf the skull.” 

this interpretation JARVIK (1942) mentions the fact that the 


1¢ in fishes generally stands in relation to the foremost part of 
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the palatoquadrate. He therefore concludes that either the lamina orbitonasalis 
of the Anura must include a portion of the palatoquadrate, or the palatine 
bone must have acquired a secondary relation to the nasal capsule. He even 
suggests that the absence of the palatine in many urodeles may be explained 
along these lines. In Ascaphus, however, the commissura in no way contributes 
towards the lamina orbitonasalis; possibly this explains the absence, in this 
genus, of a postchoanal floor to the nasal capsule and the unobscured devel- 
opment of the processus maxillaris posterior from the commissura. The absence 
of a palatine bone in Ascaphus would also be in agreement with JARVIK’s view. 

If the above view of Retnpacu should prove to be correct, it is not unlikely 
that the processus maxillaris posterior of Rana and other Anura actually 
develops from that portion of the lamina orbitonasalis which is derived from 
the commissura. In that case it would also be ontogenetically homologous with 
that of Ascaphus and represent the anterior portion of the adult processus 
pterygoideus. The possibility of a similar interpretation in the case of many 
Urodela, Gymnophiona, Lacertilia, Sphenodon, Chelonia, Crocodilia and birds, 
and in the case of the Anura has been suggested by pE BEER (1937) and 
PusEY (1938) respectively. Probably W1nsLow (1898) was of the same 
opinion, for he summarises the conditions in Amphibia as follows (p. 179): 
“It appears that the ancestors of the Batrachia had a palato-pterygo-quadrate 
cartilage similar to that found in sharks. Of these cartilages the Urodeles as 
a rule retain only the pterygoid and quadrate portions. The Caecilians have 
these two parts and in isolated palatine portion, while in the Anura all three 
parts are united in one rod which is joined in front to the antorbital process.” 

At this stage of the discussion a brief criticism of Pusry’s (1938, 1943) 
hypothesis concerning the commissura is indicated. Although some of its 
aspects have already been touched upon in various connexions, there still 
remain a few points to be considered. The most convincing argument against 
it, surely, is the fact that, contrary to his expectations, the commissura of 
Ascaphus contributes nothing whatsoever towards the adult processus basalis. 
Yet, as already stated, it may still be argued that the commissura may, during 
phylogeny, have originated from the ancestral processus basalis in the manner 
suggested by Pusrey. lundamental to this hypothesis are the conclusions: that 
the very extensive commissura of Ascaphus represents a primitive condition ; 
that his own definition of a larval subocular vacuity is correct; that what he 
interpreted as representing this vacuity in Ascaphus is homologous with the 
similarly named spaces of other tadpoles; that, in Ascaphus, no structures 
such as nerves or bloodvessels pass upwards or downwards through this space 
which could implair the application of the posterior border of the floor of the 
profundus tunnel to the anterior face of the larval processus basalis; that it 
should be possible to arrange the tadpoles of living Anura in a phylogenetic 
series with regard to the relative sizes of their subocular vacuities and the 
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rostro-caudal extension of their commissura. But, in the foregoing descriptions 
ind discussions the validity of these conclusions has either been disproved or 
subjected to grave doubts. Figure 9 demonstrates that the commissura and the 
palatobasal bridge cannot have been fused in the manner suggested without 
iffecting the a. orbitalis, unless the latter is assumed to have been absent in 
the ancestor as well. 

There are, however, additional objections. If the commissura and the larval 
processus basalis together represent the ancestral process, then the adult pro- 
essus basalis, which is also of palatoquadrate origin, must still be accounted 
for. Also, if the commissura had, during phylogeny, migrated forwards, one 
may perhaps except that it would, during ontogeny, become fused to the 
neurocranium in a caudorostral direction. In Ascaphus apparently the opposite 
takes place. In support of the primitively posterior origin of the commissura 
PUsry refers, as his most important argument, to the erosion of the trabecula 
behind the posterior border of the commissura in Rana. But, as has been 
mentioned, GAupp (1893) offered a different and a more acceptable explana- 
tion for this phenomenon, and one which is well supported by Ascaphus. In 
this genus this erosion does more than merely detach the palatoquadrate from 
the trabecula: it proceeds forwards beyond the anterior border of the com- 
missura, and in some places results in the destruction of almost the entire 
trabecular bar. Moreover, the reduction of the massivity of the larval structures 
by similar erosion is not limited to the trabecula, but can also be detected in 
various other regions of the skull of Ascaphus. Finally there is the ultimate 
fate of the commissura, for, if it represents a portion of the ancestral pro- 
cessus basalis, the anterior portion of the adult subocular bar (processus maxill- 
aris posterior ) developing from it in Ascaphus would have to be considered 
as representing a portion of the ancestral processus basalis. Similarly, if 
REINBACH’s observations on the lamina orbitonasalis are correct, this structure, 
in part, represents a portion of the ancestral process. 

By accepting the homology suggested in this paper it becomes necessary to 
account only for the unusual connexion of the processus pterygoideus to the 
trabecula in the tadpole. Although a temporary fusion during ontogeny of the 
processus pterygoideus with the trabecula has been reported in several Urodela 
(E-DGEWORTH 1925) and also occurs in a few fishes, such as Gasterosteus 
(SWINNERTON 1902, quoted from DE BEER 1937), Amia (PEHRSON 1922, 
quoted from DE BEER 1937) and Lepidosteus (HAMMARBERG 1937), I am not 
convinced that these connexions are one and the same thing and are homologous 
with that of the Anura. As indicated by Pusey (1938) the connexion in the 
latter embraces the entire length of the processus pterygoideus and not merely 
its tip, as in urodeles and fishes. The connexion, in the fishes referred to, 
1s made with the region of the trabecular horns and therefore simulates the 


ligamentum cornu-quadratum mediale of the Anura. But it should be noted 
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that RAMASwamt (1940) describes a “‘quadratoethmoidal commissure’, intim- 
ately associated with the above-mentioned ligament and connecting the com- 
missura with the ethmoidal region in Rana hexadactyla. PATERSON (1939) also 
describes a slender “quadrato-ethmoidal cartilage’ connecting the palato- 
quadrate and the outer angle of the ethmoidal region in Xenopus. RAMASWAMI 
(1944) rejects the homology of these cartilages in Xenopus and R. hexadactyla 
and provisionally proposes the name “pars articulotrabecular commissure” 
(sic) for Xenopus. The possible homology of these connexions with that of 
fishes cannot, therefore, be discussed in the present state of our knowledge. It 
may also be noted that RAMASWAMI (1939) also referred to the adult connexion 
between the processus pterygoideus and the lamina orbitonasalis as a quadrato- 
ethmoidal commissure although these two connexions are obviously not homo- 
logous. 

rom JARVIK’s (1942) work it seems evident that, also in Eusthenopteron, 
the lamina orbitonasalis (postnasal lamina of JARvIK) affords the most im- 
portant neurocranial support for the anterior end of the palatoquadrate, for 
three of the first four connexions enumerated on p. 457 are associated with 
the lamina. Consequently the adult connexion of the Anura cannot be con- 
sidered as ‘‘secondary” in a phylogenetic sense although this is the impression 
created by EDGEWORTI! (1925), SAVE-SODERBERGH (1936) WATSON (1940) and 
PIVETEAU (1937, quoted from Watson 1940). If the larval connexion of 
Ascaphus (and Anura in general) is represented in Eusthenopteron at all, 
it must be referred to that between the dorso-medial process of the pars auto- 
palatina and the crista suspendens etc. of the endocranium. For, as repeatedly 
stated, the anuran connexions concern only the dorso-medial surface of the 
processus pterygoideus. Yet this is the very connexion which JARVIK considers 
to be absent in Kana. 

If, on the other hand, I:pGewortnu’s (1925) observations, that the lamina 
orbitonasalis develops at the point of attachment of the processus pterygoideus 
to the trabecula in those urodele larvae displaying such continuity, is correct, 
then the urodele connexion forms at least a close parallel to Rana where 
similar mutual relations are encountered between the commissura and_ the 
lamina. But PusEy (1938) quite rightly raises the objection that EnGewortuH 
supplies no indication as to how far the larval and the adult connexions of the 
Urodela are to be considered as being of a different kind. Hiccins (1920) 
considered them as identical, and REINBACH (op. cit.) may even be interpreted 
as suggesting that, in Calyptocephalus, the two virtually represent the larval 
and adult phases of the same connexion, for on p. 339 he states: ‘‘Wahrend 
der Metamorphose verliert das Quadrat den Zusammenhang mit dem Schadel 
im Gebiet der vorderen quadrato-cranialen Kommissur offenbar nicht.” 

From a consideration of Ascaphus alone the connexion between the processus 
pterygoideus (commissura) and the trabecula may well be regarded, (cf. GAUPP 
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1906), as a purely larval specialization, and it may be worth while summarising 
the considerations which possibly support such an interpretation. The most 
important of these is the necessity for a rigid support of the nature of the 
commiussura for the tadpole palatoquadrate. This is evidenced by the fact that 
the latter affords, as far as is known, the most constant suspension of the 
tadpole palatoquadrate. Next in importance comes the processus ascendens 
which has thus far with certainty been found wanting in two genera only. 
As pointed out by Gavupp (1901), the frog tadpole very early leads an in- 
dependent existence. The larval jaws, which are themselves highly specialized, 
thus become functional long before even the first rudiments of the nasal cap- 
sule (the normal support of the processus pterygoideus) are laid down. This 
is proved by the very early development of the processus muscularis. At this 
age the trabecular bar is the only rigid support available, and the processus 
ascendens the only alternative projection by which suspension can be effected. 
These two connexions thus have to compensate for the absence, at this stage, 
of the processus oticus which only becomes functional after the auditory cap- 
sule has reached a certain degree of development, and for the absence of the 
processus basalis which first starts developing during metamorphosis. More- 
over, in view of the terminal mouth opening and the unusually anterior posi- 
tion of the larval jaw apparatus, the maximum strain would be exerted upon 
the anterior end of the palatoquadrate. It is, therefore, not surprising that 
according to SPEMANN (1898, quoted from DE BEER 1937) the processus 
pterygoideus (commissura) of Kana develops and becomes fused to the 
trabecula before the processus ascendens. Such precocious development of the 
processus pterygoideus is not paralleled in any other vertebrate group. In 
addition it develops to a much more massive structure than either the ascending 
or otic process. 

There are other features which are best explained by assuming this fusion 
to be a specialization. Such are: the fact that the processus pterygoideus is 
masked almost beyond identification ; the variability in the extent of the fusion, 
which seems to be correlated with the degree of adaption of the tadpole and 
the demand for greater or lesser rigidity. In Rana where the ascending and 
otic processes are less well developed than in Ascaphus and where, moreover, 
a palatobasal bridge is absent, the destruction of the connexion proceeds much 
more gradually than it does in Ascaphus, and the adult connexion is established 
almost simultaneously with the destruction of the larval one. The adult and 
larval connexions between the processus pterygoideus and the neurocranium 
do not exist side by side in the latter genus as they do in Rana. The connexion 
is, therefore, definitely functional and not merely a recapitulation of an an- 
cestral condition as has been suggested for the Urodela. 

In the above discussion mention was made of the occurrence in one or two 


stages of Calyptocephalus of a foramen between the pterygoid and posterior 
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maxiallary processes, transmitting the r. communicans between the r. |. c. Maxillaris 
V and the r. palatinus VII. In a discussion of this foramen on p. 278 et. seq. 
REINBACH (op. cit.) compares and provisionally homologises it with the 
“laterale Gaumenliicke” (Boas 1914) of Reptilia. He is, moreover, inclined to 


‘ 


regard it as a retention of an “alter Entwicklungsvorgang”’, and expresses the 
opinion that the occurrence of similar conditions in other modern Anura 
might support his claim. I shall not now discuss the merits of this theory: 
suffice it to say that if the transmission of the nerve under discussion is the 
only criterion for the identity of the foramen, Ascaphus undoubtedly affords 
the support which Rernpacu desired. Furthermore, RAMASWAMI (1940) 
describes the ventro-lateral aspect of the commissura of RK. tigrina as being 
perforated or grooved for a branch of the r. hyomandibularis VII. If this 
may instead turn out to be the r. communicans referred to above, or the r. 
palatonasalis of the r. maxillaris V, it may prove of value in finally establishing 
the homologies of the commissura quadratocranialis anterior. 


II. GENERAL RESUME. 


A. TADPOLE FEATURES. 


1. The chondrocranium is characterized by accelerated initial development 


and exaggerated autostylism. 

2. The suprarostral system is massive and tripartite. 

3. The trabecular horns are unidentifiably incorporated in the anterior end 
of the chondrocranium. 

4. An anteriorly facing subcranial pit is present, but no homology is 
suggested for it. 

5 The processus muscularis has a most unusual shape and is placed hori- 
zontally. Its antero-lateral corner is perforated by a short tunnel transmitting 
a branch of the a. carotis interna. 

6. The commissura quadrato-cranialis anterior is exceptionally massive and 
together with the palatoquadrate body it is drawn out into a ventral flange 
to the cranial base on each side. 

7. There is a posteriorly directed spur of the palatoquadrate. 

8. The notch for the articulation of the ceratohyal with the palatoquadrate 
is placed sagittally instead of transversely. 

g. An unusually broad processus ascendens is fused high up with the cranial 
side-wall and completely obscures the foramen prooticum in lateral view. This 
foramen consequently has three secondary outlets for the branches of V. 


10. There is no obvious subocular vacuity, this structure being probably 
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represented by a so-called profundus tunnel, delimited by the cranial side-wall, 


nt 


the processus ascendens and the commissura and palatoquadrate body. 
lhe processus oticus is extraordinarily well developed. 

12. There are three ligaments associated with the palatoquadrate; one of 
hese 1s here described for the first time. 

LR. \ palatobasal bridge connects the palatoquadrate body to the floor of 
he auditory capsule. It probably represents a precociously developed portion 
of the processus basalis. 

i4. The n. trochlearis does not pierce the cranial side-wall but emerges 
dorsally across it. In later stages it emerges as one or two separate branches 
hrough either one or two foramina in the frontoparietal. 


15. The n. abducens is fairly distinct from the r. profundus V and gang- 


16. There are four acoustic foramina which become reduced to three during 
ontogeny. 
17. A pretacial commissure separates the roots of V and VII. 
root of VII emerges through the foramen acusticum anterius, and 
ganglion geniculatum is lodged in a facial canal which, being devoid of 
cartilaginous roof, communicates with the labyrinth cavity. The r. hyo- 
libularis VII emerges through a secondary facial foramen laterally, and 
palatinus through a foramen palatinum in the floor of the facial canal. 
19. Two perilymphatic foramina connect the cranial and labyrinth cavities. 
The posterior one of these agrees with the foramen perilymphaticum acces- 
sorium of GAUPP. 
20. There is a subcapsular cavity associated with the auditory capsule and 
lving behind the level of the foramen perilymphaticum accessorium. Its opening 


byrinth cavity probably represents the foramen perilymphaticum 
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ius which is therefore not functional in Ascaphus. 

21. A true cartilaginous capsular floor is apparently wanting between the 
levels of the anterior acoustic and accessory perilymphatic foramina. In this 
region it is functionally replaced by a lateral extension of the planum basale. 


1 foramen olfactorium faces laterally instead of anteriorly as in 


23. The foramen oculomotorium may be partially or completely divided into 


two by a cartilage arcade separating the n. oculomotorius from the a. oph- 
thalmica magna. 


24. Apart from its anterior and occipital portions, which are not covered 
by cartilage ventrally, the cranial portion of the notochord is completely 


ensheathed by the cartilage of the planum basale. 
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B. ONTOGENETIC FEATURES. 


25. The suprarostral system, trabecular flanges (horns), posterior spur of 
the palatoquadrate and processus muscularis are destroyed completely. 

26. The nasal septum delimiting the cranial cavity anteriorly does not form 
a vertical anterior wall to the latter. 

27. The foramen olfactorium shifts backwards and upwards, and its cranial 
cavity division becomes visible on the dorsal surface of the skull. 

28. The foramen opticum becomes very much enlarged by enchondral 
destruction of its borders which in that region include a considerable portion 
of the trabecular bar. 

29. The pila metoptica is destroyed and may or may not be replaced by a 
secondary pila metoptica. 

30. A postchoanal floor to the nasal capsule does not develop. 

31. The preoptic portion of the cranial floor is destroyed and replaced by 
juvenile cartilage to a variable degree. This portion of the basis cranii is 
notably deflected downwards. 

32. The foramen cranio-palatinum persists throughout ontogeny, but be- 
comes covered up by the parasphenoid. Consequently the latter is perforated 
by a foramen transmitting the palatine branch of the a. carotis interna. 


33. A portion of the notochord is replaced through invasion by cartilage 


cells from the dorsal surface of the planum basale. 

34. The operculum originates from the auditory capsule, and the musculus 
opercularis is not inserted onto it until very late during ontogeny. 

35. The facial canal is only partly roofed in by chondrification spreading in 
a latero-medial direction. 

36. The ganglion geniculatum migrates sideways and downwards, a portion 
of it emerging ventrally through the foramen palatinum. The palatine nerve, 
therefore, does not emerge through a separate foramen in the adult skull. 

37. The tectum synoticum chondrifies from two longitudinally disposed 
centres in the membranous interotic cranial roof. 

38. The metamorphosis of the palatoquadrate is not characterized by any 
pronounced buckling. 

39. The commissura quadrato-cranialis anterior in no way contributes to- 
wards the lamina orbitonasalis, but gives origin to the entire adult subocular 
bar. 

40. A portion of the processus ascendens persists in the adult skull. Being 
almost completely ossified, it simulates the alisphenoid of some amniotes. 

41. The larval processus oticus disintegrates and rechondrifies to form the 
adult processus oticus. 

42. The adult processus basalis and the auditory ledge originates from the 
larval palatobasal bridge and the palatoquadrate body. 
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43. The adult processus basalis and p. oticus preserve a juvenile appearance 
and are connected to each other by an equally juvenile processus dorsalis which, 
like themselves, originates from the palatoquadrate body. 

44. The massivity of the palatoquadrate body is reduced considerably by 
neans of perichondral erosion. 

15. The orbitosphenoidal ossifications set in along the anterior borders of 
- optic foramina and remain paired throughout ontogeny. By definition they 

true orbitosphenoids. 
16. The prootic ossification sets in along the medial surface of the antero- 
edial capsular wall. 
17. The exoccipital ossification does not commence round about the fora- 
en juguiare but in the crista occipitalis lateralis. 
i8. The pars quadrata palatoquadrati chondrifies autochthonously. 


The result of my own investigations coupled with the analysis of the observa- 
tions and interpretations of other workers, suggest the following new inter- 
pretations : 

1. The processus maxillaris posterior of Anura belongs to the processus 
pterygoideus and not to the nasal capsule. 

2. The commissura quadrato-cranialis anterior represents the adult subocular 
bar (processus pterygoideus), and its connexion to the trabecula is regarded as 

larval specialization devoid of any phylogenetic significance. 

3. The adult processus oticus and the anterior (or postmetamorphic) portion 
of the adult crista parotica are considered as homologous. 

4. The critical value of the r. palatinus VII in connexion with the palato- 
basal articulation is not accepted for the Anura. 

5. The term “‘pseudobasal process” is rejected in favour of basal process. 

6. The auditory ledge of Ascaphus and of other Anura possessing it 1s con- 

as belonging to the processus basalis, representing its postero-medial 

portion. 


7. The posterior portion of the tadpole palatoquadrate represents the laby- 


rinthodont epipterygoid. This bone is, in the adult, represented by the un- 


chondrified processus basalis-processus dorsalis-processus oticus complex. 
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BEITRAG ZUR MORPHOLOGIE UND 
BIOLOGIE DER CYNIPIDE PSEUD- 
EUVCUOILA BOCH ES! WELD, EINE 
LARVENPARASITEN VON DROSO 
PHILA MELANOGASTER M 
VON 


WERNER JENNI 


\us dem zoologisch-vergleichend anatomischen Institut der Universitat Zurich.) 


INHALE SVERSEDC HN IS. 


Beschreibung von Pseudeucotla bochet Wertp auf Grund von Funden aus 
Zuchtmethode 
Fortpflanzung und E ‘ntwicklung von 1 Pseude ucoila bochei WELD 
1. Verhalten der Geschlechter zueinander 
Auffinden des Wirtes 
Legetatigkeit 
Wirtsspezifitat 
Entwicklung des Parasiten 
Reduktion der Zahl der Parasitenlarven i im Wirte , 
Beziehungen zwischen der Wirts- und der Parasitenentwicklung 
Zahl der Nachkommen, Reproduktionsrate 
9. Geschlechtsbestimmung und Geschlechtsverhaltnis 
Einfluss der Uberinfektion auf das Geschlechtsverhaltnis 
Wirkungen verschiedener Temperaturen auf den Parasiten 
1. Einfluss verschiedener Temperaturen auf Ejiablage, E ‘ntwicklungsdauer, Lebens- 
2. Die unterschiedliche Empfindlichkeit auf hohe Temperaturen bei Wirt und 
3. leinfluss extremer Temperaturen auf verschiedene Entwicklungsstadien des 
Parasiten 

Vergleich mit Phaenocarpa tabida Nees, einer Braconide als Larvenparasit von 
Vorkommen von Pseudeucoila boc hei tabida in der Schweiz 
1. Pseudeucotla bochei 
Phaenocarpa tabida 

Schlusszusammenfassung 
Zitierte Literatur 


I. EINLEITUNG. 


Im Sommer 1942 entdeckte Herr Priv.-Doz. Dr. H. GLoor, Zurich!, in 
Drosophilafangflaschen eine kleine parasitische Wespe, die sich im Labora- 


torium ohne weiteres auf den Larven von Drosophila melanogaster zuchten 


Fur die Uberlassung der Zuchten und der ersten biologischen Angaben mochte ich 
Herrn Priv.-Doz. Dr. GLoor herzlich danken. 


2 A. Z. 1951 Acta Zoologica 1951. Bd. XXXII. 
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liess. Eine erste Bestimmung fuhrte zur Cynipidengattung Eucoila. Eine ge- 
nauere Bestimmung war zunachst nicht moglich, da es sich um eine noch nicht 
beschriebene Art zu handeln schien. 

Die vorliegende Arbeit wurde auf Vorschlag von Herrn Prof. Dr. FE. 
Haporn! im Herbst 1944 1n Angriff genommen; die Untersuchungen er- 
streckten sich bis in den Sommer 1947. Die leichte Zuchtbarkeit im Labora- 

rium schicn den Drosophilaparasiten Pseudeucoila bochei WELD, wie er von 
nun an hetssen soll, zm idealen Forschungsobjekt zu pradestinieren. Its galt 
zunachst, dieses Tier auf seine Eignung fur experimentelle Moglichkeiten zu 
prufen. Dazu mussten Zuchtbedingungen und weitere biologische Eigentum- 
lichkeiten genauer festgelegt werden. In Anlehnung an die Arbeiten von WuiI- 
TING und seinen Schulern uber die Ichneumonide Habrobracon solite u. a. 
untersucht werden, inwiefern Pseudeucoila bochei als Objekt der Vererbungs- 
forschung in Frage kommen konnte. Aus diesen Griinden wurde nach ver- 
schiedenen Richtungen hin experimentiert, zum Teil ohne [erfolg. Morpho- 
logie und Entwicklung von Pseudeucoila wurden etwas ausfuthrlicher ange- 
geben, wobei manches dem Fachentomologen als selbstverstandlich vorkom- 
nen mag. 

Grossere Arbeiten uber die Biologie entomophager Cynipiden konnten in 
der Literatur keine entdeckt werden. D. Ker_in und G. pE LA BAuME PLU- 
VINEL (1913) beschrieben ,,Formes larvaires et Biologie d’un Cynipide 
entomophage Eucoila Keilini KIEFFER (1902) gibt fiir die ver- 
schiedenen Untergattungen und Arten von Eucoila an, dass viele auf Dip- 
teren schmarotzen, deren Larven sich in Boletus-Arten entwickeln. Nach 


KEILIN (1913) ist uber die Entwicklung der Eucoi/la-Arten noch sehr wenig 


bekannt, wahrend einige Beschreibungen neuer Arten aus der Eucoila-Gruppe 


vorliegen, so von KIEFFER (1907), von HEpICKE (1913 u. 1923) und von 
Cavro (1928). Von L. H. WeELp (1944) erschien eine Beschreibung einer 
entomophagen Gallwespe Pseudeucoila bochei nova species. Diese Beschrei- 
bung gelangte leider erst 1947 in meine Hande, denn es zeigte sich sofort, 
dass diese neu beschriebene Art meiner ,,Fucoila’’ sehr ahnlich ist. Die der 
Beschreibung beigefugten biologischen Angaben von BocnuEe wiesen deutlich 
Moglichkeit hin, dass es sich sogar um dieselbe Art handeln konnte. 
Nach eingehenden Untersuchungen von Herrn Dr. Cu. FERRIERE2 und Dr. 
LL. H. Wewp? stellte es sich dann tatsachlich heraus, dass die von WELD (1944) 
beschriebene nordamerikanische Art und die von mir untersuchten 
schweizerischen Funde derselben Art angehoren. 


Prof. HApoRN mochte ich auch an dieser Stelle fur sein grosses Interesse 
fur seine wertvollen Ratschlage und auch fur seine Muhe den besten 


Herren Dr. CHARLES FERRIERF, Geneve, und Dr. Lewis H. WELp, East 
(U.S.A.) sei auch an dieser Stelle fuir ihr grosses Interesse, ihre Zu- 
die heikle, mthevolle Bestimmungsarbeit der beste Dank aus- 
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PSEUDEUCOILA BOCHEI Wetp 
ine kleine Mitteilung des Verfassers (JENNI, 1947) uber diese ,,Schlupf- 
wespe“ ist bereits erschienen. Ich habe ihr damals den vorlaufigen Gattungs- 
namen Psecudeucoila kurz beschrieben worden ist. Bocne hat 1941 die ersten 
schienen. Ich verwende nun nach der erfolgten Feststellung der Identitat mit 
der yon WELD (1944) beschriebenen und publizierten Art scine Namenge- 
bung Pseudeucoila bochei, um eine Doppelspurigkeit zu vermeiden, obwohl 
I°ERRIERE nach personlicher Mitteilung der Auffassung ist, dass der Gattungs- 
name FEucoila besser beibehalten worden ware. 


Il. BESCHREIBUNG VON PSEUDEUCOILA BOCHE! WeEtp 


GRUND VON FUNDEN AUS DER SCHWEIZ. 


Pseudeucoila bochei Wrtp gehort zu den entomophagen Cynipiden. Nach 
Torre und (1914) gehért sie zur Gattung Eucoila Westw., 
Subgenus Psichacra FOrst. Es handelt sich um eine neue Art, die zum ersten 
Male von WELb (1944) ftir Funde aus den U.S.A. unter dem neuen Gattungs- 
namen Pscudecucoila kurz beschreiben worden ist. BocHE hat 1941 die ersten 
Ixxemplare von Pseudeucoila erhalten und hat WELD zu dessen Beschreibung 
einige biologische Beobachtungen mitgegeben. Bocue (1939) hat ahnliche Beob- 
achtungen tiber Eucoila drosophilae Kirrr., eine nahverwandte Art, veroffent- 
licht. Ich habe nun, wie schon erwahnt, die neue Namensbezeichung von WELD 
(1944) ubernommen. 

kin morphologischer Vergleich der schweizerischen mit den nord- 
amerikanischen ergab nur kleine Unterschiede, die nach personlichen Mitte1- 
lungen von IerRIERE und Wetp nicht von Bedeutung sind. Eine kurze Be- 
schreibung und einige Zeichnungen, gewonnen an schweizerischem Material, 
mogen hier trotzdem am Platze sein. Abb. 1 zeigt Mannchen und Weibchen 
von Pseudeucoila bochet. 

Korpergrosse: Auf Drosophila melanogaster gezichtete Wespen sind 
1,0—2 mm Jang, die Mannchen sind in der Regel etwas kleiner als die Weib- 
chen. Die grossten Individuen (Weibchen 2,25 mm, Mannchen 2,15 mm lang) 
erhielt ich auf Drosophila littoralis und funebris. Diese beiden Arten sind gros- 
ser als Drosophila melanogaster und stellen dadurch dem Parasiten mehr Nah- 
rung zur Verfugung (SALT 1941). Ich habe nur junge Tiere (1—3 Tage alte) 
gemessen, nachdem ich sie in Alkohol abgetétet hatte. Alte Individuen sind 
merklich kleiner infolge Verktrzung des Abdomens nach Verbrauch der Keim- 
zellen, was bis 0,3 mm ausmachen kann. Da die Hinterleibsringe mehr 
ineinander geschoben sind, werden die Proportionen verandert. Die kleinsten 
Individuen (Weibchen 1,6 mm, Mannchen 1,3 mm lang) stammen aus einer 
Zucht der kleinen Drosophila busckii. Kine ,,Hungerform* erhielt ich aus einer 


sehr kleinen Wirtslarve aus einer ubervolkerten Zucht; es war ein Mannchen 
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nalen Proportionen von 1,2 mm Lange. WELD (1944) bekommt ftir 


nordamerikanisches Material durchwegs etwas kleinere Zahlen ( Weibchen 


2,05 mm, Mannchen 1,05—1,65 mm). Diese z.T. durch verschiedene Nah- 


ngsmengen (\Wirtsgrossen) bedingten Grossenunterschiede sind auf keinen 


n Dbedeutung fur die Systematik. Heterogonisches Wachstum (Sat 
len verschiedenen Grossen nicht festgestellt, die Proportionen 


dieselben. 
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Maxille 
Oberlippe 


Unterlippe — ~ i 
Mandibel 

Kiefertaster — — — 

Lippentaster - 4 


Abb. 2. a Kopf, b Mandibel, c Maxillen von Pseudeucoila bochet. 


Wenn im Folgenden Zahlen in mm angegeben werden, so beziehen sich diese 
immer auf ein Individuum von 2 mm Korperlange. 

l’arbe: Der Korper ist im allgemeinen dunkelbraun bis schwarz. Beine, 
Antennen und der ventrale Teil des Abdomens sind hellbraun, besonders bet 
jungen Wespen. Der Korper erscheint fast nackt; er ist an wenigen Stellen 
sehr schwach, an Beinen und [lugeln etwas deutlicher behaart. 

Kopf: Von vorne betrachtet ist der Kopf (Abb. 2 a) etwas breiter als 
hoch (0,52/0,50 mm), die Hohe gemessen bis zur Ansatzstelle der Mundwerk- 
zeuge. Die Augen sind gross, ca. I 1/3 mal so lang wie die Wangenpartie und 
nackt. Die drei Ocellen sind deutlich ausgebildet. Die behaarten Mandibeln 


(Abb. 2b) sind zweizahnig, gelegentlich ist ein dritter Zahn schwach ange- 
deutet. Die Maxillen (Abb. 2¢) sind kraftig entwickelt, behaart und tragen 


nach aussen einen viergliedrigen Taster. Die Zunge als Vorderende der Lippe 
ist in der Mitte etwas eingebuchtet und mit Borsten besetzt. Die behaarten 
Antennen sind beim Weibchen 13-gliedrig und ca. 21/4 mal so lang wie 
die Kopfbreite (bei WELD 2,8 mal), die ich hier (wie WELD) als Mass fur 
die Proportionen zum Vergleich gebrauche. Beim Mannchen sind sie 15-glied- 
rig und 5 1/4 mal so lang wie die Kopfbreite (bei WELD 5,2 mal). Von einer 
deutlichen Keule kann nicht gesprochen werden, obwohl die letzten 6—7 Glie- 
der der weiblichen Antenne etwas verdickt sind. Auf den distalen Gliedern, 
beim Weibchen auf 6—7, beim Mannchen auf 11, finden sich Leisten und 
Rinnen, Tastleisten nach KIEFFER (1913), Sitz der Geruchsorgane nach WELD 
(1944). Die Lange der Segmente der Antenne bei Weibchen und Mannchen 
ist in Tab. 1 in mm/100 angegeben. Zum Vergleich sind die unbenannten Ver- 
haltniszahlen von WELD mitangefwthrt. 


~ 
5 


WERNER JENNI 


ler einzelnen Segmente der mannlichen und weiblichen Antennen von 
\WeLp in unbenannten Verhaltniszahlen, JENNI in mm/1oo nach einem 
Individuum von 2 mm korperlange). 


Total 
in mm 


10,5 10.5 10,5) 11 


Weitere Zahlen sind nicht angegeben 
20 19|20| 19 19 18/18] 17 


timmung fallt auf, die Proportionen sind sehr 


Seite, b von oben (m= Mesonotum, s = scutellum) 


Auf eine vollstandige Beschreibung kann hier verzichtet werden. 

und typisch ist die merkwurdige Gestaltung des Scutellums 

Von der Seite betrachtet zeigt es einen deutlichen Hocker, auf 
hinterm Abschnitt sich ein kleiner Dorn erhebt. Der vordere Teil des 
Hoéckers ist bis zum Dorn von oben napfartig eingedruckt. Vor diesem Hocker 
liegen zwei basale Gruben. Der tbrige Teil des Schildchens erscheint runzelig. 
Mesonotum (Abb. 35) ist glatt und ohne Furchen, etwas breiter als 

vf und bedeckt von oben gesehen mehr als die Halfte des Thorax. Die 
liagel (Abb. 4) sind in beiden Geschlechtern gleich gut entwickelt, durch- 
ichtig und weich behaart und am Rande mit langen Wimpern besetzt. Die 
Vorderfligel sind etwas langer als der ganze Korper (2,05 mm lang 
und 0.8 mm breit bei einem Individuum von 2 mm Korperlange) und ca. 
t mal langer als die Kopfbreite (bei WeELp 4,2 mal). Zwei Langsadern sind 
vorhanden, eine vordere kraftige Subcostalis (sc) und cine hintere, dunne, un- 
deutliche Medialis (me). Beide sind durch eine dicke Querader, die Basalis (ba), 


verbunden. Die Radialis (ra) entspringt an der Subcostalis distal der Basalis- 
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Abb. 4. Vorder- und Hinterflugel. Geader, ohne 
Behaaruneg. 


Abzweigung. Sie besteht aus zwei Abschnitten, einem gegen das distale Flu- 
gelende gerichteten und einem den Vorderrand des I lugels erreichenden Ab- 
schnitt. Die distale Halfte der Subcostalis und die Radialis umschliessen die 
Radialzelle (Ra), die vollig geschlossen und ca. 2,4 mal so lang wie breit ist 
(bei WELD ebenso). Der Vorderrand der Radialzelle ist verstarkt, es ist dies 
der vierte Abschnitt der Subcostalis. Der erste geht bis zur Abzweigung der 
Basalis, der zweite bis zur Radialis und der dritte bis zum Vorderrand des 
I‘lugels. Dies ist der kurzeste und der erste der langste Abschnitt. Der hin- 
tere Abschnitt der Cubitalis (cu) ist sehr schwach und undeutlich ausgebildet 
und erreicht den Fluigelrand nicht; die Verbindung mit dem Knick der Radialis 
hingegen ist sehr deutlich und stark. Eine kleine dreieckige Zelle, die Areola, 
die bei andern Cynipiden haufig vorkommt, fehlt hier. Der vordere Abschnitt 
der Cubitalis, der vom Punkt, wo Basalis und Medialis zusammentreffen, zur 
Knickstelle der Radialis hinzieht, ist noch schwacher und undeutlicher aus- 
gebildet. [ks ist nur eine geschlossene Cubitalzelle (Cu) vorhanden, von Basa- 
lis, Subcostalis, Radialis und Cubitalis begrenzt. Vordere und mittlere Basal- 
zelle (Ba) sind vorhanden, eine hintere ist schwach angedeutet. Der schmalere 


Hinterflugel (1,45 mm lang, 0,25 mm breit) zeigt nur zwei Adern 


deutlich, die Subcostalis (sc), die ziemlich genau in der Mitte der Flugel- 


lange den Vorderrand erreicht und dort drei Hakchen tragt und die schwachere 
Basalis (ba), die kurz vor dem Abbiegen der Subcostalis zum Vorderrand von 
dieser abzweigt und quer bis uber die Flugelmitte verlauft. Kine Medialis (me) 
ist kaum mehr da, eine Andeutung von ihr zeigt die Linienfthrung der Haare ; 
vor ihr sind sie schrag nach vorn aussen, hinter ihr schrag nach hinten aussen 
gerichtet. 

Die Beine sind schlank. Am distalen Ende der Vordertibia sitzt ein gros- 
ser gekrummter Sporn. Das erste Tarsalglied ist auch hier das langste und 
tragt einen Putzkamm. Der Sporn der Mittel- und Hintertibia ist kleiner und 
gerade. Das erste Tarsalglied des Hinterbeines ist so lang oder etwas langer 
als die ubrigen Tarsalglieder zusammen. 

Hinterleib: Das Abdomen (Abb. 5) ist seitlich abgeplattet. Tergit I 
und Sternit I bilden ein ringfOrmiges Stielchen, den Petiolus. Nach person- 
licher Mitteilung von WeExLp zahlen viele Autoren den Petiolus nicht zu den 
Hinterleibssegmenten. Tergit IT ist klein und beim Praparieren nicht von Ster- 
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Sternite des Abdomens, a vom Weibchen, b von Mannx 


zu irennen. Tergit III] (resp. I] ohne Petiolus) ist weitaus der grosste 
agt kopiwarts einen Haarkranz. Ir misst, der Ruckenlinie nach gemes- 
Weibchen 0,75, beim Mannchen 0,58 mm. Die Tergite IV—VI sind 
ang. Tergit VII ist beim Weibchen nur eine schmale Spange 


beim Mannchen jedoch voll ausgebildet. Die Zahl der Ster- 


konnte ich nicht klar feststellen, da die Verhaltnisse beim Ubergang von 


Fhorax zum Abdomen und am Korperende nicht vollig sicher interpretiert 
werden konnen. Auf die verschiedenen Auffassungen, die in der Literatur ver 
kann hier nicht eingegangen werden. Zahlen wir den Petiolus mit, 
men wir beim Weibchen auf 6 (ev. 7), beim Mannchen auf 7 (ev. 8) 
Die kleinere Zahl der Sternite beim Weibchen ist darauf zuruck- 
zufuhren, dass der siebente Sternit am Bau das weiblichen Geschlechtsappa- 
rates beteiligt ist (Scheidenplatten). Beim Messen der Tergitenlangen kon- 
nen sich grosse Unterschiede ergeben, je nachdem, ob man am mikroskopischen 
am ganzen Tier misst, wo mehr oder weniger grosse Teile 
ler Tergite imeinander geschoben bleiben und nicht messbar sind. WELDs 
(1944) Zahlen sind offenbar deshalb stark verschieden von den meinigen. 
Der chitindse Teil des Geschlechtsapparates besteht beim Mann- 
chen (Abb. 6b) aus einem paarigen Gebilde, der Haltezange und einem un- 
ausstulpbaren Penis. Beim Weibchen (Abb. 6a) bildet offenbar der 
Tergit die Afterplatten, darunter legen die Scheidenplatten (letzter Ster 
nit). Sie bilden die Scheide der LegerOhre und ragen etwas vor. Die Stilet- 
trager sind kompliziert gebaut; am obern Ende sind sie mit den beiden Stech- 
borsten der Legeréhre in Verbindung, am untern hintern [E-:nde mit den After- 
und Scheidenplatten. Die Legerohre wird nur bei der Eiablage aus dem Kor- 
per geschoben und krummt sich in den Hinterleib zuruckgezogen in einem 
weiten Bogen, der fast das Vorderende des Abdomens erreicht. FRUHAUF 


(1923) hat Abdomen und Legeapparat phytophager Cynipiden eingehend be 
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~~ >Stechborsten 


Stilettrager 


Legeréhre ——— Afterpiatten [rergit i] ~— Tergit Wi 


- — —Haitezan 
—— Scheidenpiatien [Sternit 


Vi 
Sternit Vi ~ ~Sternit 


Abb. 6. Hinterende und geschlechtsapparat, a vom Weibchen, b vom Mannchen. 


schrieben. Die Zahl der Sternite und Tergite ist aber eine andere als bei 
Pseudeucoila bochei. 


Il. ZUCHTMETHODE. 


Als Zuchtgefasse wurden Drosophila-llaschen von 200 ccm Inhalt verwendet. 
Als Verschluss wurde zuerst der bei Drosophila-Zuchten tibliche Wattepfropfen 


gebraucht, welcher sich aber als ungeeignet erwies, da sich die Wespen in den 
teinen Wattehaaren verfingen. Ein Stoffstick mit Gummiring gespannt und 
festgehalten erwies sich als gunstiger, wohl auch in Bezug auf Gasaustausch. 
Diese Zuchtflaschen wurden ca. 1—1,5 cm hoch mit Drosophila-Standardfutter' 
gefullt und einige Tropfen aufgeschwemmter Hefe beigegeben. Ein Stick 
liltrierpapier in das Futter gesteckt erwies sich als vorteilhaft. Es bietet den 
Wespen einen trockenen, nicht klebrigen Aufenthaltsort, vor allem den Wes- 
penmannchen, die das Futter meistens meiden. 

In diese so zubereiteten Vlaschen wurden ungefahr 15 Tliegen- und 3 
Wespenparchen gesetzt und im Thermostaten bei 23—26° C sich selber uber- 
lassen. Nach 6—8 Tagen wurden die Tiere wieder herausgeklopft. Die Zahl 
der auf diese Weise gezuchteten Fliegenpuppen lag zwischen 200—700, Davon 
waren meistens 20—70% parasitiert, sodass eine gute Zuchtflasche nach 
rund drei Wochen 50—300 Wespen lieferte. tr Massenzuchten verwendete 
ich auch grossere Schalen mit Glasdeckel. Die Schalen wurden mit einem 
Filterpapier oder einem Stoffstiick zugedeckt und dann erst mit dem Deckel 
bedeckt. Sie wurden taglich wahrend einiger Zeit geluftet, um zu verhindern, 
dass die an den Glaswanden sich verpuppenden Fliegenlarven der grossen 
leuchtigkeit wegen wieder ins Futter hinuntergleiten, wo sie haufig zugrunde 
gehen. 

' Drosophila-Standardfutter: 1 g Agar-Agar wird in 100 ccm Wasser aufgekocht, dann 


20 g Mais und 10 g Zucker mit 50 ccm Wasser zugegeben (ev. mit etwas Hefe gemischt) 
und wieder aufgekocht. Diese Menge reicht fur 6—8 Zuchtflaschen. 
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Zur genaueren Errechnung des Schlupftermines erwies es sich als giinstig, 
hliegen und Wespen nicht gleichzeitig anzusetzen. Fur 24 Stunden wur- 
viele Tlegen auf das frische Futter angesetzt und dann herausgeklopft. 
ren bereits zu viele Eier gelegt, wurden sie auf eine erfolgversprechende 
Zahl vermindert. Sind namlich nicht annahernd optimale Futtermengen vor- 
handen, so verzogert sich die Entwicklung des Wirtes und als Folge davon 
lie des Parasiten. Auch entstehen in kleiner bleibenden Wirten weniger 
fertile oder gar sterile Hungerformen. Nach dem Herausklopfen der Fliegen 
aus den Zuchttlaschen wurden nach weiteren 24—48 Stunden, also zu einem 
Zeitpunkte, wo die Drosophila-Larven zu schlupfen beginnen oder schon ge- 
schlupft sind, die Wespen zugegeben. 

Zu teuchtes Futter ist zu vermeiden, da die nach Larven suchenden Wespen- 
weibchen leicht ankleben oder ertrinken. Auch férdert die grosse Feuchtigkeit 
das Gedeihen von Schimmelpilzen. Durch Beigabe von Nipagin (10 %-ige 
\lkoholl6sung, 1 des Gesamtvolumens des Futters) kann dies zwar ver- 
hindert werden, doch ist Nipagin nachteilig fiir die Wespenzucht. Nipagin ist 
ubrigens auch nicht notwendig. Ich konnte in véllig verpilzten Zuchten fest- 
stellen, dass fast alle Wespen in parasitierten Drosophila~-Puppen sich ohne 
Schaden entwickeln konnten, wahrend die unparasitierten Fliegenpuppen zum 
grossten Teil den Schimmelpilzen zum Opfer fielen. Der Parasit scheint gegen 
die Verpilzung uber Abwehrstoffe zu verfiigen, die sein Wirt nicht besitzt. 
Diese Eigenschaft hat positiven Selektionswert. 

Ferner sollten die Zuchten vor Milbenbefall behiitet werden, was durch ver- 
schiedene Mittel mehr oder weniger erreicht werden kann. Erste Voraussetzung 


+ 
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dass schon die angesetzten Fliegen und Wespen milbenfrei sind. Ferner 
muss die nachtragliche EKinwanderung von Milben in die Zuchtflaschen ver- 


unmoglicht werden. Das erste kann durch Auswahl von milbenfreien, unter der 


Binokularlupe kontrollierten Tieren erreicht werden. Bei den Wespen ist dies 


immer einfach, da die Milben die Wespen bereits innerhalb des Pupa- 
riums, kurz vor deren Schlupfen befallen, indem sie durch die von den Wespen 
schon zum Schlupfen herausgebissenen Locher eindringen; dies geschieht oft 
in solchen Massen, dass die Wespen am Schlupfen gehindert werden. Ob die 
Milben, es sind dieselben auf Fliegen und Wespen —, sich als Parasiten 
benehmen und den Wirten Safte entzichen oder nur als Epizoen Fliegen und 
Wespen als Transportmittel zu neuem Futter benutzen, war zunichst unklar. 
Das zweite ist sicher, denn es gelingt ohne weiteres, Wespen und Fliegen von 
Milben zu befreien, indem man sie auf frisches Futter setzt. Innert einer halben 
Stunde verlassen die Milben die Fliegen und die Wespen. PERROoN (1949, un- 
verOffentlicht) u. a. haben festgestellt, dass die Milbengeneration, die auf 
l'liegen und Wespen sitzt, uberhaupt nicht fressen kann, da die Mundwerk- 
zeuge verkummert sind. Es handelt sich um eine ,,Transportform‘ (Deuto- 


nymphe) der Milbe Histiostoma genetica Sto-rr. Es fallt auch auf, dass in 
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alten Zuchten mit offenbar ungeniessbar gewordenem [utter, [liegen und 
Wespen oft voller Milben sind, wahrend dies in frischen Zuchten nicht der 
l‘all ist. In ganzen Klumpen bedecken die Milben Fliegen und Wespen, sodass 
diese am [legen, Gehen und I*ressen behindert und damit sehr geschwacht 


werden oder zugrunde gehen. Eine Methode zur Fernhaltung der Milben erweist 


sich als erfolgreich: Parasitierte Drosophilapuppen werden aus den Zucht- 


flaschen herausgewaschen und isoliert, oder alles Futter wird aus der Flasche 


entfernt. Die Puppen werden nun trocken weitergezogen, was ihnen nichts 


schadet ; vereinzelte Milben kénnen noch entfernt werden. Da Trockenheit die 
entwicklungsgeschwindigkeit etwas verzogert, ungefahr um einen Tag bei 
25°C Zuchttemperatur, und die sich entwickelnden Individuen etwas kleiner 
werden, kann cin feuchtes [ilterpapier beigegeben werden. Das Einwandern 
von Milben in die Zuchtflaschen kann verhutet werden durch sorgtfaltiges 
Reinhalten des Thermostaten und durch grosse Distanz von bereits vermilb- 
ten Fliegen- und Wespenzuchten. Das [instellen der Zuchtflaschen in Seifen- 


wasser mit etwas Lysol ist nicht empfehlenswert und auch unbequem. Die 


leuchtigkeit der Thermostatenluft wird zu gross. 

kin weiterer Mitbewohner der Drosophilazuchten ist ein kleiner Nematode 
Anguillula zymosiphila noy. spec. BRUNOLD (BRUNOLD, 1949) ein naher Ver- 
wandter des [ssigalchens. tr kann auf die Wespenzucht schadigend wirken, 
indem er bei dem oft massenhaften Auftreten im Futter in die Atemrohren 
der Drosophilapuppen eindringt und in ganzen Strangen diese vollig verstopft. 
lerner ist er ein lutterkonkurrent der Flegenlarven. Seine Exkremente ver- 
andern den Chemismus des Futters sehr rasch, was an dem unangenehm auf fal- 
lenden ,,Schweissgeruch* (Buttersaure?) bemerkbar wird. Da diese Nema- 
toden ebenfalls von den lliegen und Wespen von Futter zu Futter ubertragen 
werden, ist es schwierig, sie aus den Zuchten zu entfernen, wenn sie einmal 
aufgetreten sind, doch kann man durch raschen Futterwechsel wieder zu 
wurmlosen’’ Zuchten gelangen. Sowohl Milben wie Nematoden konnen auch 
durch Wildfliegen in Zuchten eingeschleppt werden. 


IV. FORTPFLANZUNG UND ENTWICKLUNG VON 
PSEUDEUCOILA BOCHEI WeEvp. 


1. VERHALTEN DER GESCHLECHTER ZUEINANDER. 


Mannchen und Weibchen sind sofort nach dem Schlupfen zur Kopulation 
bereit. Die Mannchen, die bei 25° C Zuchttemperatur rund zwei Tage vor 
den Weibchen schlipfen (S. 207), scheinen ihrem Benehmen nach (siehe weiter 
unten) die noch nicht geschlupften Weibchen schon durch die Wandung des 
Wirtspupariums zu erkennen, vermutlich auf geruchlichem Wege mittels ihrer 
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Antennen. Mannchen, denen die Antennen bis auf die ersten beiden proxi- 
malen Glieder, die ohne Geruchsorgane sind, abgeschnitten wurden, kopulierten 
nicht; die Weibchen blieben unbesamt, deren Nachkommenschaft bestand aus 
lauter Mannchen. Die Verletzung ist aber vielleicht derart schwer, dass die 


Mannchen, auch ohne dass die Antennen bei der Kopulation eine Hauptrolle 


spielen mussen, nicht kopulieren. Im Versuche starben einige nach wenigen 


Stunden, langer als 48 Stunden iiberlebte keines die Amputation. Allerdings 
versuchten Mannchen, denen ein Bein abgeschnitten worden war, noch zu kopu- 
lieren; ebenso solche mit nur einer oder gar nur einer halben Antenne. Dieses 
Verhalten spricht dafur, dass die Antennen zur Kopulation notwendig sind, 
und die Verletzungen durch die Amputation fur diesen Akt zunachst nicht 
assgebend sein konnen. Ein Fehlen der Antennen und damit der Geruchs- 
‘gane verunmoglicht es offenbar den Mannchen, ein Weibchen als solches 
zu erkennen, die Stimulation zur Kopulation bleibt aus. Eine halbe Antenne 
genugt jedoch noch zur Wahrnehmung des Weibchens und zur Stimulation. 
Auf welche Weise ein Mannchen ein Weibchen aus der Ferne findet, wurde 
nicht untersucht. In den Zuchten ist ein Zusammentreffen der Geschlechter 
r gewahrleistet durch den kleinen verfugbaren Raum und die grosse 
‘dlungsdichte. Trifft ein Mannchen auf ein Weibchen, so sucht es dieses 

t zu besteigen und beginnt die Antennen zu drehen. Die luhlerspitze 
beschreibt dabei einen Kreis. Sie bewegt sich nach vorn herunter, unten durch 
und hinten wieder herauf, die Bewegung alterniert rechts-links. Wahrend das 
Mannchen die Fihler dreht, sucht es mit der Abdomenspitze diejenige des 
Weibchens zu erreichen, dabei beginnt es mit den Flugeln zu schwirren. Das 
ganze Gebaren sieht so aus, als ob damit das Weibchen stimuliert werden 
sollte. Die Kopulation dauert nur wenige Sekunden. Oft verlasst das Mann- 
chen das Weibchen ohne zu kopulieren, vermutlich ist dann das Weibchen 
schon besamit und nicht mehr zur Kopulation bereit. Irrtum in der Geschlechts 
erkennung scheint auch vorzukommen, denn Ofters sucht ein Mannchen ein 
anderes zu besteigen und beginnt mit den Fuhlern zu drehen und mit den 
llugeln zu schwirren. [és ist dies wahrscheinlich eine Wirkung der Massenhal- 
tung in den Zuchten. Die beschriebenen Bewegungen werden auch schon auf 


parien, in denen sich schlupfreife Wespen befinden, ausgefuhrt. 


AUFFINDEN DES WIRTES 


In meinem Arbeitszimmer (5 mal 5 m mit zwei Fenstern) wurden bei 17° C 
180 Pseudeucoilaweibchen freigelassen und zwei offene gut riechende, schon 
mit geschlupften Drosophila-Larven besetzte lutterflaschen aufgestellt. Die 
erste Flasche auf der Fensterbank, die zweite in 50 cm Abstand vom [enster 
auf dem Arbeitstisch. Innert 24 Stunden fanden sich nur funf Weibchen in 


der Ilasche auf der Iensterbank ein, in der andern keine, wahrend cinige 
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frei herumfliegende Drosophilae die Flasche auf dem Tische bevorzugten. Die 
ubrigen Wespen sassen alle an den Fensterscheiben. Die Phototaxis dominierte 
offensichtlich tiber die Anziehungskraft der Wirtskulturen. Dass das Auffinden 
der Wirtsflaschen ohne Beteiligung der Augen gelingt, zeigten Pseudeucoila- 
Weibchen, die im dunklen Thermostat offen hinein gestellte Futterflaschen 
fanden. Dabei mussten sie zuerst die Luftungslécher des Thermostaten finden 
und dort hineinkriechen. Durch diese Offnungen drang der die Wespen an- 
lockende Geruch heraus ins Zimmer. Weitere Untersuchungen wurden jedoch 
keine angestellt. 

Jacozi (1938) hat I-xperimente uber das Auffinden des Wirtes durch die 
Zehrwespe Wormoniella vitripennis eingehend beschrieben. Dieser Schmarot- 
zer benutzt als Wirt die Puppen der Ilegengattungen Calliphora, Lucilia, 
Phormia und Sarcophaga. JAacont kommt zum Schluss, dass bei Versuchen 
storende optische Reize ausgeschaltet werden mussen. Dieses Ergebnis deckt 
sich mit meiner oben erwahnten Beobachtung. I’erner ist fur die Zehrwespe 
der Geruch der Zersetzungsprodukte, die beim Verzehren des Fleisches durch 
die Fliegenlarven entstehen, notwendig als Anziehungsmittel fur den Parasi- 
ten. Da das Auffinden auch im Dunkeln funktioniert, geschieht offenbar die 
Orientierung auf chemischem Wege. JAconr hat die Sinnesorgane lokalisiert 
und dabei festgestellt, dass auch Tiere mit vollstandig amputierten Antennen 
ihre Wirte auf kurze Distanz noch finden konnten, da sich auch Chemorezep- 
toren aui den NKiefertastern befinden. Diese Nahorientierung gelingt auch 
Pseudeucoila-Weibchen, die trotz amputierter Antennen noch Eier in die 
Wirtslarven legten, allerdings in weit geringerem Masse als normal, wie das 
Zuchtergebnis dann zeigte. Sie vermochten also die Wirtslarven aufzuspuren. 
Die Mannchen kopulierten auch mit diesen ,,amputierten’’ Weibchen. 

Ist das butter gefunden, wandern die Wespenweibchen auf dem I utter 
umher und gewegen langsam die [uhler, ohne das Futter damit zu berthren. 
‘rer auf der Oberflache oder an den Glaswanden kriechende Drosophilalar- 
ven — es sind dies meist verpuppungsreife — werden wohl nur ausnahms- 
weise angestochen. Ich konnte dies kein einziges Mal beobachten. 

Hat die Wespe eine im Futter liegende, oft ganz unsichtbare Larve auf- 
gespurt, senkt sie den Hinterleib und beginnt mit dem ausgestreckten Lege- 
stachel im Futter herum zu stochern. Die Fliegenlarven werden offenbar nicht 
immer erwischt oder belegt. Unmittelbar nach einem beobachteten Stechakt 
aus dem Il*utter geholte und sezierte Larven enthielten in vielen [allen kein 
Parasitenei. Haufig war an der mit dem Legestachel bearbeiteten Futterstelle 
gar keine Drosophila-Larve zu finden. Da die Wirtslarven in den Zuchtschalen 
in grosser Menge (mehrere Hundert) vorhanden sind, ist durchaus modglich, 
dass dadurch die Nahorientierung fur die Wespe etwas gestort wird, weil es 
wohl uberall in der Schale ..nach Wirtslarven riecht™. 


Jaconi (1938) hat diese Nahorientierung fiir Mormoniella ebenfalls ein- 
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ehend untersucht und kommt u. a. zum Schluss, dass der Legestachel auch 


Chemorezeptoren enthalten muss. Fir Trichogramma evanescens ist dies von 


SALT (1930) nachgewiesen, hingegen braucht diese Wespe fur die Orien- 
ierung auf grossere Distanz ihre Augen. 


Der Legestachel scheint also Sinneszellen zu tragen, die durch bestimmte 
hemische Stoffe gereizt werden und eine entsprechende Reaktion auslosen. 
Ist eine Larve gefunden und angestochen, verharrt das Weibchen einige Se- 
kunden mit gesenktem Hinterleibe und verlasst dann mit eingezogenem Lege- 
stachel die Futterstelle, wo sich die Wirtslarve verkrochen hat. 

Weitaus 


stochen (S. 215). Dies hangt wohl damit zusammen, dass die Fliegenlarven 


lie meisten Fliegenlarven werden im hintern Korperdrittel ange- 


ihre Hinterleibsstigmen an die Futteroberflache strecken, um zu atmen, und 


idurch den Hinterkérper starker exponieren, wahrend der Vorderleib tief 
utter steckt. 


3. LEGETATIGKEIT 

SCHMIEDER und WHITING (1946) geben fiir die Zehrwespe ./elittobia an, 
lass die Weibchen erst nach Stimulation durch Begattung mit der Ejiablage 
beginnen. Unbesamt gebliebene Weibchen sollen héchstens einige wenige Lier 
legen. Pseudeucoila hbochei beginnt dagegen mit der 
Legetatigkeit sofort nach dem Schlupfen, auch wenn 
sie nicht besamt ist. Caupri (1941) hat dasselbe fur die Braconide 
Alysia manducator festgestellt. Es tritt also keine Verz6gerung in der I:iablage 
auf, die Weibchen scheinen nicht auf die Mannchen zu warten. 

Bei Dunkelheit wird die Legetatigkeit eingestellt (bei Nacht und bei kunst 
licher Verdunkelung im Versuch), obwohl sich die Wespen im Dunkeln auch 
zu orientieren vermogen (S. 189). Werden den Wespen alle zwei Stunden 
sche Wirtslarven vorgesetzt und diese danach seziert, so kann man fest- 
stellen, dass die Eiablage gegen Abend abnimmt, bei Nacht aufhort und am 
andern Morgen erneut ansteigt. CauprI (1941) erwahnt fur Alysia, dass sie 

Winter bei Lampenlicht zu erhéhter Legetatigkeit angeregt werde. 

Treffen Pseudeucoila-Weibchen bei ihrer Suche nach Wirten aufeinander, 
so lassen sie sich vollig unbehelligt. Nach Jacon1 (1938) bekampfen sich die 
Weibchen der Zehrwespe Mormoniella vitripennis, wenn sie sich auf derselben 
\Wirtslarve begegnen, wobei sie sich Beine und Antennen abbeissen sollen. 

Aus einem Drosophilapuparium schlupft immer nur 
eine Pseudeucoila. Sezierte Wirtslarven enthielten aber je nach Zucht- 
bedingungen mehr oder weniger haufig mehr als ein Ei. Auch KEILIN (1913) 
fand in den Wirtslarven, die von Eucoila keilini infiziert waren, gelegentlich 


zwei Ejer, obwohl auch bei Eucoila keilini nur ein Keim zur Entwicklung 
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gelangen kann. Damit stellt sich die Frage, ob eine Pseudeucoila eine infi- 

zierte Wirtslarve von einer nicht infizierten uberhaupt zu unterscheiden ver- 

mag. SALT (1939) gibt fir Trichogramma evanescens an, dass dieser Parasit 

diese Unterscheidung machen konne, wahrend Cauprt (1941) diese Fahigkeit 

bei Alysia manducator nicht vorfindet. Fur die letzte Art ist dies eigentlich 

selbstverstandlich, da sich Alysia in ihrem Wirte Calliphora auch in vielen 
Ixemplaren voll zu entwickeln vermag. 

Um dieses Unterscheidungsvermégen fiir Pseudeucoila bochei naher zu 
untersuchen, wurde in verschiedenen Versuchen das Zahlenverhaltnis zwischen 
Wirtslarven und den sie mit Eiern belegenden Wespen verandert. Dadurch 
wurde ein verschiedener Parasitierungsgrad erreicht. Tab. 2 wiedergibt die 
Resultate einer solchen Versuchsreihe. Der Parasitierungsgrad wird 
hier ausgedrickt durch eine Zahl, die angibt, wieviel mal mehr Wirtslarven 
als eierlegende Parasiten im Versuche angesetzt worden sind bei gleichen ubri- 
gen Bedingungen. Wenn geniigend Wirtslarven vorhanden sind, werden die 


TAB. 2. Verteilung der Parasiteneier auf die Wirtslarven bei verschiedenen Parasitierungs- 
graden. 


Vie | Zahl Zahl der | Parasitierungs- Fizahl pro Larve | Eizahl 


‘nie | der angesetzten | gradals Verhalt- 


‘irte | Wespen nis Wirt/Parasit 


Kier zufallsmassig verteilt (Poissonverteilung), wie dies auch Abb. 7 zeigt. 
Die Parasiten vermogen also bereits infizierte Larven von nichtinfizierten 
zunachst nicht zu unterscheiden, sie legen auch in bereits infizierte. Die 
Zahl der pro Pseudeucoila gelegten Kier sinkt bei geringerer Wirtezahl, diese 
wenigen Wirtslarven werden aber viel starker belegt. Aus dem Sinken der 
Zahl der abgelegten Kier kann allerdings der Schluss gezogen werden, dass 
Pseudeucoila eine sehr stark infizierte Larve von einer schwach oder gar nicht 
infizierten zu unterscheiden vermag. Das Absinken der Eizahl wird aber 
wahrscheinlich auch noch dadurch bedingt, dass die Wespen auf ihrer Suche 
nach Wirten bei geringerer Wirtezahl pro Zeiteinheit auf viel weniger Wirte 
stossen als bei grossem Angebot. In den Versuchen IV und V ist deshalb 
die Infektionsdauer (gegentber 2—3 Stunden bei den Versuchen I—II1) auf 
10—12 Stunden verlangert worden, allerdings ohne feststellbare Verbesserung 
der Legerate. 

Das Maximum an Parasiteneiern in einer Wirtslarve wurde mit 16 fest- 


gestellt. 
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Die Resultate einer andern Versuchsreihe (S. 230) sind in Abb. 7 graphisch 
largestellt. Die Verteilung der Parasiteneier auf je 25 Wirtslarven bei acht 
verschiedenen Parasitierungsgraden ist in Kurven aufgetragen worden. Die 
Zahl der cierlegenden Wespen, die Infektionsdauer und die Temperatur 
brauchen in dieser Darstellung nicht beriicksichtigt zu werden, da die Kurven 
einfach den Infektionsgrad einer Population wiedergeben, gleichgultig unter 
welchen Bedingungen er entstanden ist. Das Kurvenbild entspricht ungefahr 
der Potsson’schen Verteilungskurve bei ,,seltenen Ereignissen™ (LINDER 1945, 
S. &4) und spricht ebenfalls dafiir, dass die Verteilung der Fier 

sm Zufall abhangig ist. Nur bei starker Uberinfektion’ tritt eine 
Hemmung in der Eiablage auf. Pseudeucoila neigt also unter bestimmten Um- 
standen zu Superparasitismus (S. 228), obwohl dieser zu keinem 


fuhren kann. 


Diese Uberinfektion kommt aber nicht dadurch zustande, dass die Wespen 


bei Wirtemangel aufs Mal mehr als ein Ei ablegen, sondern durch das wieder- 
holte Zusammentreffen mit einem bereits infizierten Wirt, der erneut mit 
einem Ei belegt wird. Dies ist eigentlich selbstverstandlich, denn die Wespe 
kann es nicht zum voraus merken, dass nicht genugend Wirte zur Verfugung 
stehen. Sie unterscheidet sich jedoch darin von der Braconide Phaenocarpa 
S. 242), die sehr haufig den Wirt aufs Mal mit vielen Eiern belegt, wie dies 

erosster Wahrscheinlichkeit aus Sektionsbefunden geschlossen werden 


+ 


konnte. 

\Will man aus Zuchtresultaten auf die stattgefundene Legetatigkeit ruck- 
schliessen, sO muss man selbstverstandlich berucksichtigen, dass die Weibchen 
rund zwei Tage langer zur Ientwicklung brauchen als die Mannchen bei Tem- 


peraturen zwischen 23—26°C. Das Maximum der Ejiablage kann nun 


annahernd festgestellt werden, indem man die Zahl der an einem Tage ge- 
schlupften Mannchen und die Zahl der zwei Tage spater geschlupften Werb- 
chen zusammenzahlt, da sie in der grossen Mehrzahl vom selben Legetag 
stammen. Ics fehlen allerdings in dieser Zahl die wahrend der [Entwicklung 
zugrunde gegangenen Keime. 

Die auf diese Weise errechneten Maxima der Legetatigkeit verteilen sich 
z. B. in 10 kontrollierten Zuchten bei 25° uber die ganze Legezeit, vom ersten 
bis zum letzten Lebenstag der angesetzten Wespen. Es besteht also offenbar 
fur die cierlegenden Wespen kein ,,Legezwang’ in einem bestimmten Alter. 


Weitere Versuche bestatigen diese Annahme (S. 216). 


‘arasiten derselben Art in einen Wirt mehr als ein Ei gelegt, obwohl 
eines dieser Eier zum fertigen Parasiten entwickeln kann, so wird dies 
ton bezeichnet (S. 220) 
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Larvenzahl > 


Eizahl pro Larve —> 
\bb. 7. Verteilung der Parasiteneier auf je 25 Wirtslarven bei verschiedenen Parasitie- 


rungsgraden. Resultate von acht Versuchsreihen in Kurven aufgetragen (POISSON ’sche 
Verteilungskurve bei seltenen Ereignissen). 


4. WIRTSSPEZIFITAT. 


Pseudeucoila bochei schmarotzt in den Larven verschiedener Drosophila- 
Arten. Im lreien wurde sie am haufigsten aus Puppen von Drosophila melano- 
gaster erhalten, aber auch aus solchen von Drosophila subobscura, hydei, 
funebris und littoralis. ls wurde auch untersucht, ob sich Pseudeucoila auch 
auf andern Drosophila-Arten im Laboratorium zuchten liesse. 


a Zucht auf Drosophila funebris. 

Die Flege lasst sich in gewohnlichen Drosophila-Flaschen ohne weiteres 
zuchten. Sie ist etwas grosser als Drosophila melanogaster, und ihre Entwick- 
lung dauert langer. Die Larven verpuppen sich bei 25° C Zuchttemperatur 
erst nach 7—8 Tagen, die Imagines schlupfen nach 12—13 Tagen. Die Ent- 
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wicklung kann bei l'uttermangel noch bedeutend langer dauern (bis zur Ver- 
puppung 13 Tage, bis zum Schlupfen 19 Tage). Die spatere Verpuppung des 
Wirtes hat wahrscheinlich auf die Entwicklungszeit des Parasiten einen aus- 
schlaggebenden [:influss. Er kann das Vollarvenstadium offenbar nicht er- 
reichen, bevor sein Wirt sich verpuppt hat und dessen larvale Gewebe sich zu 
einem Brei auflosen. Es gelingt dem Parasiten vermutlich nicht, das intakte 
Larvengewebe anzugreifen, da er zunachst nur flussige Nahrung aufzunehmen 
vermag. Er muss also warten, bis sich der Wirt verpuppt hat, was in diesem 
Faille fur ihn eine Verlangerung der [entwicklungszeit zur Folge hat. Es ist 
durchaus moglich, dass hormonale [influsse des sich verpuppenden Wirtes 
auch eine Rolle spielen. Untersuchungen hieruber sind aber nicht gemacht 
worden. 

Die Ientwicklungszeit der Parasiten-Mannchen bis zum Schlupfen betrug 
21—23 Tage, fur die Weibchen 1—2 Tage mehr. Dass auch bei dieser durch 
den Wirt bedingten Verlangerung der Entwicklungszeit die Weibchen spater 
schlupfen, lasst vermuten, dass nicht fruhlarvale Stadien des Parasiten vor der 
Verpuppung des Wirtes fur diese normale Verspatung der Weibchen verant- 
wortlich sein konnen. Ware dies namlich der Fall, hatten hier die weiblichen 
Larven Gelegenheit, aufzuholen, wahrend die mannlichen Larven auf die Ver- 
puppung des Wirtes warten mussten. 

Die Zahl der Nachkommen der Parasiten entsprach derjenigen von Zuchten 
auf Drosophila melanogaster. Die Wespen waren aber ihrem Wirte ent- 


sprechend im Durchschnitt etwas grosser (S. 179). 


b Zucht auf andern Drosophila-Arten. 

Fur die Zuchten auf Drosophila littoralis, hydei und refleta liegen die Ver- 
haltnisse gleich wie fur funebris. Auch die Ergebnisse sind dieselben. 

Bei parasitierten Puppen von Drosophila hydci konnte festgestellt werden, 
dass die vom Wirt bei der Verpuppung ausgestulpten Atemréhrchen (Vorder- 
stigmen) deutlich kurzer waren als bei nichtparasitierten. 

Auf Drosophila phalerata gelingt die Wespenzucht ebenfalls, doch ist die 
Fliege selber weit schwieriger als die ersten drei erwahnten Arten zu ztchten. 
Die Nachkommenzahl der Parasiten wird dementsprechend gering. 

Die sehr kleine Drosophila busckii konnte ich nicht immer gut zur Ent- 
wicklung bringen ; doch gelang auch hier die Wespenzucht. Die aus den Puppen 
von husckii stammenden Parasiten sind kleiner als die von melanogaster 
(S. 179), sie werden teils zu Kummerformen. 

Die Zucht von Drosophila subobscura machte ebenfalls etwas Mite, da die 
Fliege in Flaschenzuchten haufig nur wenig Eier legte, somit den angesetzten 
Wespen wenig Larven zur Verfiigung standen. Subobscura ist etwa gleich- 


gross wie melanogaster. 
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Tab. 3 zeigt die durchschnittlichen Ergebnisse aus parasitierten I‘laschen- 
zuchten der verschiedenen Drosophila-Arten. Der Prozentsatz an Mannchen ist 
in der Subobscura-Zucht etwas niedrig. Er wird durch Uberinfektion (S. 220) 


TAB. 3. Zuchtergebnisse von Pseudeucoila bochei aut verschiedenen Drosophila-Arten. 


Geschlechts- 
verhaltnis in % 
Mannchen 


Entwicklungszeit | 
fur Mannchen in 
Tagen 


Zucht auf Drosophila | Nachkommenzahl | 
pro Flasche 


melanogaster 


| 


funebris 
littoralis 
hydei 


beeinflusst sein, da subobscura, wie erwahnt, wenig Wirtslarven lieferte. Die 
E-ntwicklungszeit des Parasiten scheint von der Entwicklungszeit des Wirtes 
abzuhangen und damit offenbar von dessen Grossenentwicklung. In den gros- 
seren Drosophila-Arten wie funebris, littoralis, repleta und phalerata, die fur 
ihre Entwicklung etwas langer brauchen als melanogaster, braucht auch der 
Parasit etwas langer. Die Zahlen sind insofern nicht ganz genau, als in allen 
Zuchten das Einsetzen der Eiablage durch den Wirt nicht genau kontrolliert 
worden ist. Es wurde dies jeweilen erst zwei Tage nach Ansetzen der Zucht 
nachgepruft. 

Auf Grund dieser Zuchtergebnisse darf gesagt werden, dass P se ud - 
eucoila bocheinichteinartspezifischer, sondern hoch- 
stens ein gattungsspezifischer Parasit sein kann. 
ine Zucht auf einer andern Fliegengattung, z. B. auf der nahe verwandten 
Scaptomyza, ist mir bis jetzt nicht gelungen.! 


c Wahlversuche. 

Stehen den Pseudeucoila-Weibchen verschiedene Drosophila-Arten zugleich 
zur Verfugung, so wird keine ausgewahlt oder bevorzugt. Bei der Aufzucht 
von Larven aus in freier Natur aufgestellten Fangflaschen ergab sich die 
Gelegenheit, dies festzustellen. Es verpuppten sich z. B. in einer Flasche 450 
Drosophilae subobscurae und 25 Drosophilae repletac, davon waren 103 bzw. 
g parasitiert. Versuche mit Mischpopulationen von Drosophila re pleta, littoralis 
oder funebris und melanogaster im Laboratorium ergaben ebenfalls, dass keine 
Vorliebe fur eine bestimmte Drosophila-Art vorliegt. 


1 Inzwischen ist die Zucht auf Drosophila immigrans und simulans gelungen, vor 
allem aber auf einer anderen Gattung, auf der nordafrikanischen Zaprionus tuberosus. 
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Zuchtversuche auf Mutanten yon Drosophita 


melanogaster. 


Aui Stammen von white (weisse Augen) und vestigial ( stummel- 


flugelig) gelingt die Zucht von Pseudeucoila leicht und ohne besonderen 


Zwei Mutanten waren von besonderem Interesse. Lethal giant- 


larvae (Igl) ist eine von Haporn (1948) eingehend untersuchte Letal- 


nutante, deren homozygote Igl-Larven nach stark verspateter Puparisierung 


ht metamorphosieren, Die gebildeten »,Pseudopuppen“ sterben ab. Haufig 


kommt es nicht einmal zur Puparisierung, die Larvenzeit verlangert sich 


um 3—4 Tage, dann sterben die Larven ab. Eine Zucht von Parasiten 


54 


aut dieser Mutante wire deshalb von Interesse, weil eventuelle Zusammen- 


hange zwischen Verpuppung des Wirtes und Weiterentwicklung des Para- 
siten aufgedeckt werden kénnten. Fine Zucht gelang aber nicht, obwohl 


die lgl-Larven infiziert wurden. Von 9 abgestorbenen Igl/lgl-Larven enthielten 


5 Je einen toten Parasiten von 0,4—0,5 mm Lange und 0,1 mm Breite, etwa 


dem 72—96 Stunden-Stadium entsprechend (S. 202). Da die Metamorphose 
ber den Ig] 1gl-Tieren uberhaupt ausbleibt, scheint ein Fortkommen des Para- 


siten unmdglich. Parasiten in normalen Wirtslarven erreichen alk rdings vor 


ren Verpuppung ein weiter vorgerucktes Larvenstadium. Die gemachten 


Versuche sind alle rdings zu wenig zahlreich, um weitere Schliisse zu erlauben. 


kine weitere von Haporn | 1949) entdeckte und beschriebene Letal-Mutante 


ltranslucida* (ltr) enty ickelt in homozygotem Zustande durch- 


sichtige Larven und grosse, Wasserig aufgetriebene Puparien, in denen eine 


nur teilweise metamorphosierte Puppe entsteht. Auch Itr/Itr-Larven wurden 


lLiern belegt, doch entwickelte sich der Parasit nicht. Die Durchsichtigkeit 


wail 


ler Itr-Larven erlaubte es, die abgelegten Eier der Parasiten unter der Bino- 


kularlupe im Innern der Larve direkt zu beobachten. 


he Zuchtversuche auf Drosophila-Mutanten wurden nicht fortgesetzt, bic 


ten aber wohl Méglichkeiten. physiologischen Zusammenhingen zwischen Wirt 


und Parasit nachzugehen. 


Zuchtversuche \ 


Die Zucht des Entoparasiten Pseudeucoila ausserhalb seines \\ irtes ist sehr 


schwierig. Es gelingt kaum, ein dem naturlichen adaquates Nahrsubstrat zu 


schaffen, das einige Tage unverandert fiir den Parasiten geniessbar_ bleibt. 


Zudem fehlen in einem solchen Nahrsubstrat Wirkstoffe des Wirtes, die bei 


4 


der Parasitenentwicklung cine Rolle spielen kénnten. 


Ich versuchte es mit einem aufgekochten Brei aus Drosophila-Larven. Schon 


aus dem ihm entstromenden Geruch musste ich schliessen, dass die Substanzen 


durch das Kochen wesentlich verandert worden waren. Zudem gerinnen die 
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Eiweisse und fallen somit fiir den vorerst nur fliissige Nahrung aufnehmen- 


den Parasiten von vorneherein aus. In diesen Brei gelegte, aus Larven frisch 
herauspraparierte lebende Parasitenlarven zuckten einige Male und waren 
nach wenigen Sekunden tot. in Sterilisieren des natiirlichen [utters durch 
Kochen macht dieses also fiir den Parasiten véllig unbrauchbar und giftig. 

Ich versuchte es weiter mit zerquetschten Drosophila-Larven und versetzte 
diese mit Ringerlésung (physiologische L6sung), um das Austrocknen zu ver- 
meiden und um die Gewebe noch einige Zeit am Leben zu erhalten. In diesem 
Brei starben die Parasitenlarven erst nach fiinf Stunden. 

Das beste Resultat konnte erzielt werden, wenn die Parasitenlarven alle zwei 
Stunden in frischen, aus zerquetschten Drosophila-Larven bestehenden Brei uber- 
gefuhrt wurden. So gelang es, die Lebensdauer ausserhalb 
des Wirtes bis auf 16 Stunden zu verlangern und fur 
diese Zeitein deutliches Wachstum festzustellen. Wurde 
man diesen Versuch einige Tage und Nachte lang fortsetzen, ware ihm viel- 
leicht Erfolg beschieden. Die Parasitenlarven bewegen sich nicht vom Orte 
weg und konnen deshalb im Brei trotz ihrer Kleinheit leicht wieder gefunden 
werden. Ein kurzer Kontakt mit der Luft scheint ihnen nicht zu schaden, 
ihre Haut scheint zudem unbenetzbar, was eine Kinwirkung der Luft erschwert. 

Die Zucht ,,in vitro‘ wurde unter Umstanden Moglichkeiten bieten, die 
maximale Grossenentwicklung festzustellen und das Problem der [Elimination 


der Rivalen (S. 208) naher zu studieren. 


f. Infektionsversuche auf abgetoteten Wirtslarven. 

Durch Erwarmen abgetétete und wieder ins [utter gelegte Drosophila- 
Larven wurden zunachst nicht infiziert. Die Vermutung lag nahe, dass der 
Warmegrad die Eiweisse der Larve fiir die Chemorezeptoren der Wespe zu 
stark verandert habe. Bei weitern Versuchen wurde die rwarmung sofort 
nach Kintreten des Todes abgebrochen, d.h. zu einem Zeitpunkt, da sich die 
Larven lang strecken. I'tir diesen Effekt ist eine Temperatur von 45—50° C 
notig. 

Ausserdem wurden den Wespen mit Athylather zu Tode  narkotisierte 
I‘ liegenlarven vorgesetzt. 

Um festzustellen, ob die Wespen lebende von toten Larven unterscheiden 
konnen, wurde zu den abgetoteten immer noch eine Anzahl lebender Larven 
beigegeben. Auch wurden mit Ather zu Tode narkotisierte und durch Er- 
warmen getotete Wirtslarven zusammen im I[utterbrei vorgesetzt. 

lur alle Versuche wurden je 10 Pseudeucoila-Weibchen verwendet, die In- 
fektionsdauer auf 21/2—3 Stunden beschrankt. Tab. 4 fasst die Ergebnisse 
dieser Versuche zusammen. Aus diesen lasst sich schliessen: 

1. Durch Erwarmen abgetotete Wirtslarven werden mit Eiern belegt. 


2. Durch Athylather zu Tode narkotisierte Larven werden ebenfalls infiziert. 
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Eine Bevorzugung der lebenden Larven scheint im Versuch II vorzuliegen. 
Eine Bevorzugung der ,,Athertoten’’ vor den ,,Hitzetoten™ scheint in Ver- 
such IV vorzuliegen. Daraus konnte geschlossen werden, dass die Ver- 
anderungen der Gewebe und Safte durch Ather geringfiigiger seien als 
diejenigen durch Erwarmen hervorgerufenen. Das Gewebe mag bei den 
.Athertoten noch einige Zeit lebend sein, wahrend bei den_,,Hitzetoten* 
Individualtod und Gewebetod gleichzeitig eintreten. 
Die Ejier aus ,,hitzetoten‘’ Larven waren bei der Sektion unverandert, wah- 
rend diejenigen aus den ,,athertoten‘’ Larven trube und undurchsichtig, also 


schon abgestorben waren. 


Infektionsversuche auf Calliphora-Larven. 


Die normalen Wirte fiir Pseudeucoila bochei sind Drosophila-Larven. 

Calliphora-Larven im Alter von 3—4 Tagen wurden den Wespen auf Dro- 
sophilafutter vorgesetzt. Auf ihrem naturlichen Futter, auf verfaulendem 
lleisch, dem etwas Ammoniakgeruch entstr6mt, werden sie von Pseudeucoila 
nie gesucht, die Wespen fliehen diesen Geruch. Diese brauchen zur Anlockung 
den Geruch des garenden Zuckersaftes. Nach einigen Stunden der Exposition 
wurden die [leischfliegenlarven wieder auf Fleisch gebracht. Kinige starben, 
andere ertrugen Drosophilafutter 24 Stunden lang ohne Schaden. Die Sektion 
zeigte, dass die Larven in keinem [alle mit Eiern belegt worden waren. 

Fin Versuch mit frisch geschlupften bis einen Tag alten Calliphora-Larven 
auf Drosophilafutter zeigte nun aber, dass Pseudeucoila ihren naturlichen Wirt, 
eben die Larven verschiedener Drosophila-Arten, nicht von ,,fremden“ Wirten 
zu unterscheiden vermag, sofern die Larven des ,,fremden‘‘ Wirtes sich in 
Drosophilafutter aufhalten. Die Wespen wurden erst auf die Calliphora-Lar- 
ven losgelassen, als diese im Darm keinen roten Fleischsaft mehr enthielten, 
sondern Gasblasen, die offenbar von dem weitergarenden Drosophilafutter her- 
stammten. Eine Sektion nach dreistiindiger [:xposition ergab, dass alle 
Calliphora-Larven mit Eiern belegt worden waren. Eine 
enthielt sogar deren 10, war aber tot. 

In einem weitern Versuche wurde die Sektion erst 20 Stunden nach der 
Kiablage durch die Wespen vorgenommen. Die Calliphora-Larven hatten sich, 


auf Milz zuruckversetzt, normal weiter entwickelt. Allerdings zeigte sich, dass 


die parasitierten deutlich kleiner waren als solche aus einer unparasitierten 
Kontrollzucht, die aber ebenfalls wahrend einiger Zeit auf Drosophilafutter 
gehalten worden war. Alle infizierten Larven enthielten 2—5 tier, von denen 
einige abgestorben waren, der grossere Teil sich aber weiter entwickelt hatte. 

In einem letzten Versuche wurden den Wespen Serien von je 10 verschieden 
grossen Calliphora-Larven dargeboten: In einer Schale frisch geschlupfte, in 
einer zweiten einen Tag alte und in einer dritten zwei Tage alte. Die Cal- 
ausserordentlich rasch, sodass Altersunter- 


liphora-Larven wachsen bei 25° 
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thiede von 24 Stunden sehr auffallig sind. Zwei Tage alte Larven sind schon 
leutlich grosser als ausgewachsene Drosophila-Larven. Die Sektion ergab, 
lass alle frisch geschlupften Calliphora-Larven mit mindestens zwei Eiern 
belegt worden waren, wahrend von den einen Tag alten nur zwei je ein 
i enthielten und von den zwei Tage alten nur eine. Vermutlich ist bei noch 
ltern Calliphora-Larven die Haut fur den Legestachel zu dick, um durch- 


i 


stochen werden zu konnen. 
Die Wespeneier entwickeln sich einige Stunden weiter; zum Schlupfen der 


Larve aus dem [i ist es aber in keinem Falle gekommen, alle Kier starben vor- 


diesen Versuchen geht hervor, dass die Eiablage nicht durch spezifische 


I 


les regularen Wirtes angeregt wird, sondern durch die lutterstoffe. 


Zusammenfassung uber die Wirtsspezifitat 
von Pseudeucoila bochet. 

wurde festgestellt, dass Pseudeucoila bochei sich in den Larven ver- 

dener Drosophila-Arten zu entwickeln vermag, wahrscheinlich aut allen 

n, deren Larven sich von vergarenden Fruchtsaften ernahren, deren Ge- 
ruch die Wespen anlockt. 

Diese hier als naturliche Wirtsspezifitat bezeichnete wahr- 

scheinliche Beschrankung auf die Gattung Drosophila! kannktunstlich er- 

‘rt werden. Die Wespen lassen sich durch den Futterduft tauschen 

reagieren z.B. auf junge in Drosophilafutter versetzte Larven von Cal- 


ra erythrocephala als ob es passende Wirte waren. 
5. ENTWICKLUNG DES PARASITEN 


In diesem Kapitel werden die verschiedenen Entwicklungsstadien 
des Parasiten in chronologischer Reihenfolge beschrieben, d.h. nach Stunden 
hrer Ientwicklung von der Eiablage weg, wie sie sich bei einer Zucht- 

peratur von 25°C bei optimalen Bedingungen ergibt. 
Diese Bedingungen ermoglichen die minimale Entwicklungsdauer. Bei der 
Beschreibung der einzelnen Stadien sind immer die am weitesten vorgertickten 


berucksichtigt worden. 
kibau und Embryonalentwickluneg. 
Das li von Pseudeucoila bochei ist wie alle Cynipideneier (K1iEFFER 1914) 
leutlich gestielt und mit einem elastischen Chorion umgeben. Es ist durch- 
bis drei Stunden nach erfolgter EKiablage fillt das Fiplasma 
die ihulle nur etwa zu zwei Dritteln in Lange und Breite aus, hingegen scheint 


1 Inzwischen ist die Zucht auf der nordafrikanischen Gattung Zaprionus gelungen 
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Abb. 8. a Frisch gelegtes Ei von Pseudeucoila bochet, b Ei 24 Stunden nach der Eiablage 

(Entwicklung bei 25°C) mit Hypodermiszellen im optischen Schnitt, daneben in Aut- 

sicht, ¢c Keim vor dem Schliipfen, 35 Stunden nach der Eiablage (Entwicklung bei 25° C), 
Ansicht von unten und von der Seite. 


der [istiel, dessen Inde ein klein wenig verdickt ist, mit Plasma gefullt 
(Abb. 8a). Dies scheint nach KIEFFER (1914) u. a. mit der Eiablage zusam- 
menzuhangen. Der Durchmesser des Legestachellumens ist kleiner als der- 
jenige des Eies. Durch Pressung des Eiinhaltes beim Eintritt des Eies in den 
Legestachel entweicht ein Teil davon in den hohlen Fistiel, wodurch die Pas- 
sage des Kies durch den Legestachel erméglicht wird. Nach der Lage der [ier 
im Ovar (Kistiel kopfwarts) erscheint auch ein Eintreten der [ier in den 
Legestachel stielvoran als unwahrscheinlich. Die Eier sind 160—300 w lang, 


32—50 u breit, der Eistiel ist hiufig gebogen und ungefahr halbsolang wie das 


lei, r20—190 u, gelegentlich aber auch viel kiirzer. Es scheint auf Grund von 
Sektionsbefunden, dass ein und dasselbe Weibchen immer gleichgrosse Fier 
legt, die verschiedenen in Wirtslarven vorgefundenen [igrossen also von 
verschiedenen \Weibchen stammen mussen. 

Im Laufe der ersten 24 Stunden zieht sich das Plasma aus dem Eistiel zu- 
ruck und fillt die Eihiille ganz aus. Nach 24— 28 Stunden zeigt der Ei- 
inhalt-deutlich Struktur (Abb. 8b), Zellgrenzen sind gut sichtbar, die Hypo- 
dermis liegt dem Chorion an. Eine aussere und innere Gliederung ist noch nicht 
feststellbar. Der Keim zeigt aber bereits Bewegungen. 

Nach 30—34 Stunden ist die Segmentierung deutlich geworden, der 
Kopi des Parasiten liegt eistielwarts, der Schwanzanhang ist von der Seite 
sichtbar (Abb. 8c). Der Keim erscheint schlupfreif. Auf der Ventralseite sind 
die Segmente zahlbar. Die Larve besteht aus Kopfabschnitt, zehn Segmenten 
und dem Schwanzanhang. Nach Kierrer (1914) sollte man bei Cynipidenlarven 
13 Segmente unterscheiden konnen. 
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b. Larven-Stadien. 
Nach 4 44 Stunden sind die ersten Parasiten aus den Eihullen 
geschlupft. Das Verlassen der Eihillen durch die Larven konnte nie beob- 


achtet werden. Die aussere und innere Gliederung ist nun deutlich geworden 


Abb. 9a). es fallen vor allem die drei Beinstummelpaare im Thoraxabschnitt 


auf, die weiter keine Gliederung aufweisen und wie Dornen aussehen. Im In- 
nern ist der Darm sichtbar, in dessen Schlundabschnitt sich sehr deutlich Pump- 
bewegungen erkennen lassen. Der After mtindet dorsal aus. Seitlich des End- 
larmes findet sich jederseits ein rundlicher K6rper, vermutlich cine Keim- 
druse. Diese ist aber nicht in allen Larven feststellbar. Ich nehme deshalb an, 
dass es sich bei dieser Bildung nur um die Keimdriisen des einen Geschlechtes 
handelt. Die Lage der Keimdriise des andern Geschlechtes konnte ich 
nicht feststellen. Um den Schlund lassen sich Ober- und Unterschlundganglion 
feststellen, die in diesem Entwicklungsstadium relativ gross sind. An der etwas 
schnabelfOrmig vorstehenden Mundspitze lassen sich Mundwerkzeuge erken- 
nen, wenn auch noch sehr undeutlich. Zwei kleine Spitzchen bewegen sich 
gegeneinander, ,,beissen** ; es werden die larvalen Mandibeln sein. Der Schwanz- 
anhang ist maximal 50 u lang und mit ,,Stacheln** besetzt. Ventral vor dem 
Schwanzanhang befindet sich ein kleiner Fortsatz. Nach 53—57 Stunden sind 
alle Larven geschlupft. Der Wirt befindet sich nun meistens im letzten Lar- 
venstadium, gelegentlich ist er sogar im Vorpuppenstadium angelangt. An den 
Parasitenlarven lassen sich unterhalb des Enddarmes zwei nach vorne seitwarts 
gerichtete Blindsacke feststellen. Es kénnte sich um die Bildung Malpighi’scher 
Gefasse handeln. In der Erzwespe Encarsia tricolor liegen diese nach STUBEN 
(1949) dorsal uber dem Ende des Mitteldarmes. 
Nach 66—7 2 Stunden ist der Parasit bis 450 u lang und 110 u dick ge- 
»b). Er zeigt noch keine wesentlichen Veranderungen gegen- 
uber dem frisch geschlupften. Die Speicheldriisen und deren grosse Zellen 
lassen sich in dorsaler Lage sehr deutlich feststellen, ebenso der Speichelkanal. 
Die Haut der Parasiten erscheint unbenetzbar. In diesem Stadium vermag die 
Larve noch kaum festes Gewebe, sondern nur fliissige Nahrung zu sich zu 
nehmen (Pumpbewegungen des Schlundes). Sie ernahrt sich wohl von Haemo- 
lvmphe des Wirtes. Rrerra (1932) gibt fur das erste Stadium der Nemeritis- 
larven dasselbe an. 

Nach 92—96 Stunden sind die Wespenlarven schon bis 600 u lang und 
250 u dick geworden (Abb. 9c). Schwanzanhang und Beinstummeln sind nicht 
gewachsen und zeigen noch diesselbe Grosse wie im Schliipfstadium. Im Darm 
erscheint eine goldgelb gefarbte Stelle. Es kénnte sich um eine ,,Mitteldarm- 
druse** handeln oder um eine bestimmte Stelle des Mitteldarmes, in deren 
Zellen sich Stoffwechselkérper anhaufen kénnten (StUBEN 1949). Die beiden 


ntralen Blindsacke sind deutlicher ausgepragt. Eine Larvenhautung konnte 
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Abb. 9. Larven von Pseudeucoila bochei 

(Lebendpraparate). a frisch geschlupft 

(48 Stunden nach Eiablage, Entwick- 

lung bei 25°C), b 1 Tag alt (72 Stdn. | Maines. 

nach Eiablage), c Zwei Tage nach dem zaop| Malpighi'sches Gefass ? 
Schlupfen (96 Stdn. nach E.). Bauchmark 


ich nicht feststellen. Nach KIEFFER (1914) sollen auch keine Larvenhautungen 
stattfinden. Das ist aber méglicherweise ein Irrtum, der auf der Schwierigkeit 
beruhen durfte, abgeworfene Larvenhaute zu finden. Diese sind offenbar sehr 
dunn und zerfallen sehr rasch. Vergleichen wir das 96 Stundenstadium 
mit dem frisch aus der [ihulle geschlupften Parasiten (Abb. ga), so fallt 
auf, dass der vorderste Kopfabschnitt, die Beinstummeln und der Schwanzan- 
hang noch gleich aussehen, wahrend sich die ubrigen Teile sehr stark vergros- 
sert haben. Die ganze Larve erscheint gewaltig gedehnt und gestreckt, nur die 
beiden Enden entsprechen noch der urspriinglichen Grosse. Die Segmente sind 
undeutlich geworden. Der Wirt befindet sich noch im letzten Larven- oder 
im Vorpuppenstadium. Die Mundwerkzeuge der Parasitenlarve haben sich nicht 
verandert, auch in der Grosse nicht. Die Ernahrungsweise ist offenbar noch 
dieselbe wie im frisch geschliipften Zustand, namlich Einsaugen von Hamo- 
lymphe des Wirtes. 

Nach 116—120 Stunden haben sich die Larven ziemlich verandert 
und erreichen cine Lange von 800 uw und eine Dicke von 300 uw (Abb. 10a). Der 
Schwanzanhang ist verandert, und die Beinstummeln sind verschwunden, der 
vorher schnabelartig vorstehende Mund hat sich verandert. Die zwei spitzen 
Mundwerkzeuge, die larvalen Mandibeln, sind nun deutlich sichtbar, sie bewegen 
sich cinwarts gegeneinander. Diese Mandibeln wurden dem Parasiten vermut- 
lich erlauben, das Wirtsgewebe anzugreifen, obwohl ich dies weder an der Lage 
des Parasiten 1m Wirte noch an seinem Darminhalt feststellen konnte. Die Be- 
deutung dieser beissenden Mundwerkzeuge, die dauernd in Bewegung sind, ist 
also fur dieses Stadium nicht klar. Der Wirt befindet sich jetzt normaler- 
weise im Vorpuppenstadium. Die Veranderungen zwischen dem vorgangig be- 
schriebenen Stadium von 96 Stunden und diesem hier ist ziemlich auf fallig, 
sodass zwischen diesen beiden eine Hautung stattgefunden haben konnte. 

Nach 126—130 Stunden sind die Larven bis 1,6 mm lang und 
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Gorade ? 


imaginaischeiben.— 


Bauchmark 


Fett-Trépichen in 


Haulzellen 


Pseudeucoila bochei (Lebendpraparate). a 120 Stunden nach der 
C), b 144 Stunden n. E., c Vollarve, am 7. Tage n. E., 
Kopf der Vollarve von vorne 


0,6 1 lick geworden, sind also enorm gewachsen. Dies mag mit der vorange 
gangenen Hautung und den Mundwerkzeugen zusammenhangen, die dem Para- 
siten vielleicht nun gestatten, Gewebe aufzufressen. Nach RreTRA (1932) wurde 
dieses Stadium dem vierten Stadium der Nemeritis-Larven entsprechen, die dann 
lettgewebe und Muskeln fressen kénnen. Im Innern des Parasiten lassen sich 
helle Brocken erkennen; es sind Fettr6pfchen in den Hautzellen. Die Segment- 
zahl hat sich nicht verandert. Die Larve besteht aus cinem deutlichen Kopf 
abschnitt, 10 Segmenten und einem Schwanzanhang wie zu Beginn. Die zehn 
Segmente werden den spatern drei Thorakalsegmenten und den sieben Abdo 
minalsegmenten der Imago entsprechen, der Schwanzanhang wird den Zussern 
Geschlechtsapparat bilden. Wievielen Segmenten er entspricht, ist bei der Klein- 
heit des Gebildes nicht feststellbar. Der Darm erscheint in ungeftilltem Zustande 
in zwei Abschnitte gegliedert. Im Bauchmark lassen sich nun 11 deutliche 
Knoten (Ganglien) feststellen. Die ventralen Darmblindsacke ( Malpighi-Ge 
fasse’) zeigen nun eine weitere Differenzierung, sie sind z.T. undurchsichtig 
geworden. Der Wirt ist nun meist in Metamorphose begriffen, die larvalen 
Gewebe sind in Histolyse. Nun kann die Parasitenlarve ihr letztes Zerstorungs- 
werk im Wirte beginnen, sie fullt ihren Darm prall mit dem Gewebebrei des 
Wirtes. Dabei wird sie undurchsichtig, die weissen Fettropfen in der Haut 


vermchren sich stark. Uber dem Darm erscheinen im Brustabschnitt Imaginal- 
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scheiben (Abb. 10 b). Den Herzschlauch konnte ich in keinem Stadium sehen. 
STUBEN (1949) konnte ihn in den Larven der Zehrwespe Encarsia tricolor 
feststellen. 

Nach 141—-145 Stunden ist der Darm noch praller gefiillt. In diesem 
I¢entwicklungsstadium gelangen die Parasiten haufig aus dem Wirte und kom- 
men zwischen Wirt und Wirtspuparium zu liegen (Abb. 11a). Die Larven 
vermogen den Wirt von aussen her meist noch ganz aufzufressen. Die Man- 
dibein treten nun wohl sicher in Funktion. 

Nach der aussern Veranderung zwischen diesem und dem nachsten Stadium 
vermute ich, dass wieder cine Hautung stattfindet (Vergleiche Abb. 10 b 
und 10 ¢). 

Nach 150—154 Stunden sind die am weitesten entwickelten Wespen- 
larven zu Vollarven geworden und haben ihren Wirt vollstandig aufgefressen 
(Abb. 10 ¢). Sie sind bis 2 mm lang und 0,8 mm dick geworden. Es lassen 
sich an ihnen deutlich Tergite und Sternite feststellen, wobei die Tergite viel 
breiter als die Sternite sind. 

es ist mir nicht gelungen, mit Sicherheit eine bestimmte Zahl von Lar v en- 
stadien festzustellen. Nach der Gestaltsveranderung und den Wachstums- 
schuben konnten es ihrer drei sein. RreTRA (1932) hat fur die Ichneumonide 
Nemeritis canescens ebenfalls versucht, die Zahl der Larvenstadien festzuhal- 
ten. Its gelang ihr, abgeworfene Haute zufinden, und sie schloss aus der Zahl 
der Exuvien auf vier Stadien, auf Grund der Gr6ssenzunahme auf deren 
funf. Caupri (1941) gibt fur die Braconide Alysia manducator vier (funf) 
an. KEILIN (1913) hat Larvenformen einer entomophagen Cynipide Eucoila 
keilint KiErFER beschrieben, also einer nahen Verwandten von Pseudeucoila. 
kin Vergleich mit deren Larve zeigt eine grosse Aehnlichkeit. Die junge Larve 
tragt ebenfalls drei Beinstummelpaare, doch sind diese bedeutend langer als 
ber der Pseudeucoila-Larve. Der Schwanzanhang ist langer und dunner und 
vom After weg beinahe in einem rechten Winkel nach oben gebogen. Der kleine 
ventrale Tortsatz am proximalen [Inde des Schwanzes ist auch vorhanden. 
Xs bestehen also nur Unterschiede in der Proportion und in der Krummung 
des Keimes. Diese Form der Junglarve wird von KEILIN (1913) als cyclopi- 
form bezeichnet. Die Vollarve von Eucoila keilini zeigt keine wesentlichen 
Unterschiede zur Vollarve von Pseudeucoila bochei. Sie wird von KEILIN als 
eruciform bezeichnet. Die Larven beider Arten machen also ein oligopodes 
Stadium durch und werden schliesslich apod. Das oligopode Stadium durfte 


dem ersten Larvenstadium entsprechen, das apode dem zweiten und dritten. 


Verpuppung und Metamorphose. 


Nach 165—1609 Stunden zeigen die ersten Parasiten Zeichen 
beginnender Verpuppung. Am Kopf entsteht eine Blase, die bis in das erste 


Thorakalsegment hineinreicht (Vorbereitung fur spatere Ausstulpung). Der 
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Schlupfreifer Parasil o” 


Pupariendeckel 


-Sehlupfloch des 
Parasiten 


WirtSKorper — 


—=Larvenkot 


Cc 


Pseudeucoilalarve (im Stadium 144 Stdn. bei 25° C) ausserhalb des Wirtskor- 
Nymphe, c leeres Drosophilapuparium mit von der Wespe herausgebissenem 
Schlupfloch. 


Unterschied zwischen Thorakal- und Abdominalsegmenten wird deutlicher, 
die larvalen Mandibeln verschwinden. Der Parasit macht ein Ubergangs- 
stadium durch, wie dies von LEUENBERGER (1929) auch fur Apis mellifica, die 
Honigbiene, beschrieben worden ist. 

Nach 194—198 Stunden ist der Larvenkot abgegeben worden. 
Dieser verfarbt sich rasch dunkel und klebt an der Puparienwand an, haufig 
in mehreren Portionen (Abb. 11 b,c). Martin (1947) gibt dasselbe an fur 
Habrobracon juglandis. Bevor ich diese Beobachtung machen konnte, war ich 
der Meinung, es handle sich bei diesen pigmentierten Stellen am Wirtspupa- 
rium um die Einstichnarben, die der Legestachel der cierlegenden Wespen 
hinterlassen habe. Irrefuhrend war vor allem die Feststellung, dass gelegentlich 
auch an andern Stellen als am Hinterende der Larven solche Pigmentflecken 
am Puparium auftraten. Ich konnte dann aber an herauspraparierten Vollar- 
ven das Abgeben des Larvenkotes deutlich feststellen, auch dessen Verfarbung, 
ferner aber auch, dass diese Vollarven gelegentlich an andern Korperstellen 
Troptchen wasserklarer Lymphe austreten lassen, die sich sehr rasch braun- 
lich verfarben und solche Pigmentstellen an Wirtspuparien bilden konnen. 

Nach 210—214 Stunden, also am neunten Tage von der Ei- 
ablage weg, sind die ersten Parasiten verpuppt, die N ym phen sind erkenn- 
bar. luhler und imaginale Mundwerkzeuge sind ausgestilpt, die mannlichen 
Antennen reichen uber das Hinterende hinaus (Abb. 11 b). Weibliche Nym- 
phen werden zu diesem Zeitpunkt noch keine festgestellt. Hier zeigt sich zum 
ersten Maile die nun ausserlich erkennbar werdende langere Dauer der wei- 
blichen Entwicklung. 

Nach 282—286 Stunden zeigen sich die ersten Augenpigmente, 


und nach 330—334 Stunden, also am 14. Tage, sind die ersten 
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Parasiten voll pigmentiert. Nach 378—382 Stunden schlupfen die 


ersten aus ihrer eigenen Puppenhaut. Diese ist ein enganliegendes, leichtes, 
vollkommen durchsichtiges Hautchen. Die Parasiten bleiben aber anschliessend 
noch einige Zeit innerhalb des Drosophila-Pupariums. 


d. Schlupfen der Imago aus dem Wirtspuparium. 


Erst nach etwa 400 Stunden schlupfen die ersten mannlichen 
Wespen aus dem Wirtspuparium, also am Ende des 17. Tages von der Eiablage 
an. Nach 435 Stunden schlupfen die ersten weiblichen Tiere, 
also nicht ganz zwei Tage nach den ersten Mannchen. Dies gilt, wie erwahnt, 
fur eine Entwicklung bei 25°C Durchschnittstemperatur. Caupri (1941) 
stellte fir die Braconide Alysia manducator ebenfalls eine geschlechtsdimorphe 
Eentwicklungszeit fest, namlich fur Mannchen im Minimum 33 Tage, fur Weib- 
chen 38. Das fruhere Schlupfen der Mannchen konnte er auch in der freien 
Natur nachweisen. 

Die Wespe beisst sich zum Schlupfen ein Loch ins Puparium (Abb. 11 c) 
Nach KIEFFER (1914) soll dies die einzige Arbeit sein, die die Mundwerkzeuge 
einer Gallwespe in ihrem Leben zu bewaltigen haben. Nach Caupri (1941) 
gilt dies auch ftir die Brackwespe Alysia manducator. Pseudeucoila bochei 
benutzt nie den Deckel des Wirtspupariums zum Schlupfen, wahrend Phaeno- 
carpa tabida (S. 241), eine ebenfalls auf Drosophila melanogaster als Larven- 
parasit auftretende Braconide, den Deckel zum Schlupfen benutzt. Merkwur- 
digerweise liegen die meisten Wespen mit dem Kopfe gegen den Deckel des 
Wirtspupariums hin. Von 3 631 gepriften Puparien zeigten 3 548 die Schlupf- 
locher vorne, also 97,7 %. Kontrolliert man an Stelle der Schlupflocher die 
Lage des Larvenkotes im Puparium, so kommt man zu denselben Ergebnissen, 
eine solche Kontroile ergab 95 % mit Kopflage gegen den Pupariendeckel 
hin. Cauprt (1941) fand bei der Braconide Alysia, dass sie immer ohne Aus- 
nahme mit dem Kopf nach vorne liegen, er zitiert allerdings eine von ALTSON 
gefundene Ausnahme. Bei der eben erwahnten Braconide Phaenocarpa habe 
ich ebenfalls dieselbe leststellung machen koénnen. Die Lage des Parasiten 
in der Langsachse des Pupariums scheint beliebig; er kann sich in Bauch-, 
Rucken- oder Seitenlage befinden. Raumlich besteht fur die Parasitenlarve 
mindestens wahrend der ersten sechs Tage ihrer Entwicklung die Moglich- 
keit, sich frei zu drehen. Ich konnte zwar bei den herauspraparierten lebenden 
Larven nie Vor- oder Riickwartsbewegungen, sondern nur seitliche Verkrum- 
mungen beobachten, sodass ich annehme, dass die Larven im Wirte uberhaupt 
nicht wandern. Dies bestatigen auch die Versuche mit Zuchten ,,in vitro” 
(S. 197). 

Wahrend oder kurz nach dem Schlipfen erfolgt eine Abgabe von Kot, der 
meist im Puparium als weisses Haufchen liegenbleibt. Caupri (1941) gibt fiir 
Alysia manducator dasselbe an. Beim Schlipfen durch das herausgebissene Loch 
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soll das Meconium herausgepresst werden und so im Puparium zuriickbleiben. 
Vor dem Schlupfen herauspraparierte Pseudeucoilae geben diesen Kot aber 
ebenfalls sofort ab, wobei nun die mechanische Mithilfe durch Pressung beim 
Durchzwangen durch das Loch im Puparium wegfallt. 


Aus dem Wirtspuparium herauspraparierte Vollar- 


‘n ound Nymphen des Parasiten entwickeln sich 


bis zur fertigen Imago. Die Gestaltungsvorgange bei 
ler Metamorphose konnen auf diese Weise besser beobachtet werden. Beim 
Herauspraparieren musste sehr vorsichtig zu. Werke gegangen werden, da 
vor allem die Vollarven sehr leicht verletzbar sind. Ich klebte jeweilen die 
\Virtspuparien auf einem Objekttrager fest und brach die Puparienwand mit 


zwei feinen, vorne etwas gebogenen Nadeln weg. 


REDUKTION DER ZAHL DER PARASITENLARVEN IM WIRTE. 


Wie bereits erwahnt worden ist, schlipft aus jedem parasitierten Droso- 
phila-Puparium immer nur eine Wespe, obwohl viele Sektionsbefunde zeig- 
>. 230), dass von Pseudeucoila bei geringer Wirtezahl haufig mehrere 

ier in cine Wirtslarve gelegt werden. Diese Erscheinung wird als Uberinfek- 


nm (S. 220) bezeichnet. 


Wann und wie kommt es zur Reduktion? 


Sektionsbefunde ergeben, dass alle Parasiteneier in einer Wirtslarve die 
I:ntwicklung beginnen. Der ,,Kampf der Rivalen* wird aber gleich im ersten 
entschieden. Im Stadium ,,72-Stunden** (Abb. gb) werden 
hautig mehrere Parasiten lebend nebeneinander angetroffen. Merkwir- 
ligerweise gelangt aber nur einer uber dieses /ntwicklungsstadium hinaus, 
wahrend die ubrigen in ihrer Entwicklung stehen bleiben, aber noch cinige 
; leben konnen. Mit dem Stadium ,120-Stunden“* (Abb. 
ist der Kampf endgultig entschieden, in allen infizierten Wirten wird 
nur noch ein lebender Parasit dieser Grosse vorgefunden. Die Grosse 
abgestorbenen Konkurrenten schwankt zwischen 300—400 u Lange und 
jo—60 u Dicke, das Entwicklungsstadium entspricht dem von ,,72-Stunden”. 
Offenbar ist der Entwicklungsschritt vom Stadium ,,72-Stunden“ bis zum 
1,120 Stunden” entscheidend. Wer diesen zuerst macht, gewinnt. 
KIETRA (1932) beschreibt diese Reduktion der Parasitenlarven fiir die 
Ichneumonide \emeritis canescens. Deren Larven bekampfen sich im ersten 
Stadium mit den Mundwerkzeugen. Die Verwundungen ergeben dunkle 
llecken auf der Larvenkutikula. Die verwundeten Tiere sterben vor Er- 
reichen des zweiten Larvenstadiums ab. Der Entscheid fallt also auch hier im 
ersten Larvenstadium, wird aber mit andern Mitteln’ erreicht. 


Merkwurdig ist, dass sich diese Larven trotz ihrer beissenden Mundwerk- 
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Zeuge zunachst nur von Hamolymphe ernahren, somit scheinen diese vor- 
laufig nur zur Bekampfung der Rivalen beniitzt zu werden. Sat (1932, 
zit. nach CaupRI) erwahnt einen ahnlichen Fall mit Bekampfung im zweiten 
Larvenstadium. Nach ImmMs (1937, zit. nach Cauprt) soll in den meisten 
allen jedoch die Konkurrenz auf andere Weise entschieden werden. Die in 


ihrer Entwicklung am meisten fortgeschrittene Larve gewinnt das Ubergewicht 


durch Aushungern ihrer Geschwister, indem sie diesen alles wegfrisst oder 
die Futterquelle verdirbt, d. h. fiir ‘ihre Geschwister ungeniessbar macht. 
Dieses zweite ist nicht naher ausgefithrt. Bei Pseudeucoila liegen aber weder 
Kontaktwirkung noch Nahrungsmangel vor, sodass diese Moglichkeiten der 
Elimination der Rivalen wegfallen. Caupri (1941) kommt fur Alysia mandu- 
cator ungefahr zu denselben Feststellungen. 

Mit Erreichen des ,120 Stunden*-Stadiums (zweites 
Larvenstadium?) ist also der Kampf entschieden; Ver- 
wundungen sind an den Unterlegenen nicht festzustellen. Offenbar vermag 
bei Pseudeucoila die ,,Auserwahlte durch Ausscheidung eines Stoffes, viel- 
leicht mit einer ersten Larvenhautung verbunden, ihre Rivalen in der Ent- 
wicklung aufzuhalten. Eventuell geschieht dies durch Blockierung eines Ver- 
dauungs- oder Aufbaufermentes. Die Einwirkung scheint auf alle Falle che - 
mischer Natur zu sein. Merkwirdigerweise scheint bei Vorhanden- 
seinvon Keimen beider Geschlechter immer einer der weib- 
lichen zu gewinnen, wie dies die Verschiebung des Geschlechtsverhaltnisses 
zugunsten der Weibchen bei Uberinfektion demonstriert (S. 220). 

In einem einzigen Falle fand ich in einer Wirtspuppe drei Parasiten, wovon 
zweilebend und genau gleichweit entwickelt waren, der dritte war im 
72 Stunden‘‘-Stadium abgestorben. Beide Lebenden waren 700 w lang und 
300 w dick, der Nahrungsmenge entsprechend halbsogross wie ein [Einzelparasit 
desselben Alters (Stadium ,,168 Stunden‘, Vollarve). Dies ist der einzige 
von mir beobachtete Fall mit zwei lebenden Parasiten in einem 
vorgeriickten Larvenstadium im selben Wirte. Offenbar haben beide zufal- 
ligerweise im gleichen Moment das kritische Entwicklungsstadium, das ein 
Abtoten der Konkurrenten erméglicht, erreicht und tiberschritten. Da sie selber 
gegen ihr Abtotungsmittel immun sein missen, konnten die beiden einander 
nichts anhaben, Zwei vollentwickelte Imagines in einem Puparium konnte 
ich nie feststellen. Die Nahrungsmenge, die eine Wirtslarve bietet, wurde auch 
fur zwei ,,Zwerge’ kaum gentigen. 

b. Transplantationsversuche von Eiern und Larven 
des Parasiten. 

Um das Problem der Elimination von Nahrungskonkur- 
renten im Wirte weiter prufen zu kénnen, ware es wiinschbar, Eier. und 
Larven von Parasiten von einer Wirtslarve in andere transplantieren zu k6n- 
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nen. Dies wurde auch erlauben, Probleme der Wirtsspezifitat, des Nahrsub- 
strates und des Geschlechtsverhaltnisses weiter zu untersuchen. 

Mit der fur Drosophila melanogaster sehr erfolgreichen Transplantations- 
methode wurde dies versucht, allerdings ohne Erfolg. Von 96 Wirtslarven 
iberstanden nur 28 die Operation, entwickelten sich aber zu Fliegen, schienen 
also nicht parasitiert zu sein. Da die Parasiteneier sehr leicht verletzlich sind, 

die Eihuile geht beim Einsaugen in die Glaskapillare der Transplantations- 
nadel sehr leicht verloren —, ist ihre Chance, nach scheinbar gelungener Uber- 
tragung zur Entwicklung zu gelangen, offenbar minim. Larven mit Erfolg 
zu transplantieren, ist ebenfalls nicht gelungen. 

Da bei diesen Versuchen Ringerlésung als Transplantationsflussigkeit ver- 
wendet wurde, suchte ich die Einwirkung von Ringerlosung auf Eier 

d Larven des Parasiten festzustellen. Eier wurden langere Zeit 

irin aufbewahrt. Nach acht Stunden hatte sich in der Ejistruktur nichts ver- 

idert, die enthillten Eier begannen sich violett zu verfarben und schienen 
ibgestorben, diejenigen mit Hiillen zeigten erste Tribungen. Nach 20 Stun- 

n wurden auch diese violett, das Eiplasma nahm immer noch einen kleinen 

ihulle in Anspruch, eine Entwicklung hatte also 
ttgefunden. Diese Feststellung scheint auch darauf hin zu 

deuten, dass das Zurtickwandern des Eiplasmas aus dem Eistiel in die E1- 
hulle nach erfolgter Eiablage eine Tatigkeit des lebenden Plasmas darstellt. 
Parasitenlarven bewegten sich in Ringerlosung noch 
vier Stunden lang. Daraus darf wohl geschlossen werden, 
Ringerlosung als Ubertragungsmittel wenigstens fur geschlupfte Para- 
larven in Frage kommt, da die Parasitenlarven bei der Transplantation 
nur wenige Minuten lang in reiner Ringerlosung aushalten mussen. Es ist 
aum anzunehmen, dass dadurch schon schwere Schadigungen entstehen. Eier 
oder Larven nur mit der Wirtsflissigkeit allein zu ubertragen, durfte enorm 


schwierig sein, da die Flussigkeitsmenge sehr gering ist, rasch eintrocknet, und 


das Auffinden der Eier und der kleinen Larven ihrer Durchsichtigkeit wegen 


in diesem Brei fast nicht moglich ist. 


Schnurungsversuche. 


‘rimente wurden ebenfalls unternommen, um der Losung des Pro- 
-limination der Rivalen naher zu kommen. Es wurde 
\Wirtslarven nach erfolgter Infektion zu schniren; dies in der Hoff- 
wurde sich gelegentlich der Fall einstellen, dass sich in beiden Schnur- 
in Parasit befinden wurde. Da die Reduktion auf eine Parasitenlarve, 
erwahnt, wahrscheinlich durch che mische Einwirkung der uber- 
rve auf ihre noch weniger weit entwickelten Artgenossen zustande 
ware anzunehmen, dass durch Schnurung diese chemische EKinwirkung 


unterbunden werden k6nnte. Die Versuche scheiterten aber schon am Schnuren. 
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Nach Haporn (1937) gelingt dies bei Larven von Drosophila melanogaster 
nur wenige Stunden vor deren Verpuppung mit einigem Erfolg; die Sterb- 
lichkeit ist aber noch gross, in friheren Larvenstadien gelingt eine Schnu- 
rung nicht. ur meine Zwecke war aber dieses verpuppungsreife Stadium 
ungeeignet, da eine Parasiten-Infektion in diesem Stadium nur noch geringen 
Erfolg hat und schon zu ,,verspateten“ Parasitenlarven fuhrt (S. 213). 


7. BEZIEHUNGEN ZWISCHEN DER WIRTS- UND DER PARASITEN- 
ENTWICKLUNG. 


a. Entwicklungsstadium des Wirtes zur Zeit der 
Infektion durch den Parasiten. 

Wird ein bestimmtes Entwicklungsstadium des Wirtes vom Parasiten beim 
Eierlegen bevorzugt? Ist fur die Entwicklung des Parasiten eine Kiablage 
in ein bestimmtes Entwicklungsstadium des Wirtes notwendig? Zur Beant- 
wortung dieser Fragen wurden in mehreren Versuchen 70—100 Wespen- 
weibchen auf verschieden alte ,,Zwei Stunden-Gelege“ von Drosophila melano- 
gaster wahrend sechs Stunden angesetzt, und diese Gelege zur Entwicklung 
gebracht. Tab. 5 zeigt die [rgebnisse. 


TAB. 5. Zuchtergebnis nach einer Infektion verschieden alter ,,Zwei Stunden-Gelege“ von 
Drosophila melanogaster durch Pseudeucotla bochet. 


% der abgestorbe- | ,, 
| % Pseud- 
nen Wirtspuppen, 


Alter der Wirts- | Zahl der | 
Ausfalle 


larven in Stunden Wirte 


% der geschlupf- 


Schale ten Drosophilae 


| 
| 
| 


144—I150 50 
(Puppen) 
120—126 

(am Verpuppen) 
(Stadium IIT) 
72—78 

(Stad. IT/IIT) 
48—54 

(Stadium IT) 
24—30 

(Stadium 1) 


In Schale I ist erwartungsgemass nicht mehr infiziert worden. Pseudeucoila 
ist ein Larvenparasit, Puppen werden nicht angestochen. 

In Schale II konnte in einer Puppe mit faulem Inhalt ein Parasit deutlich 
beobachtet werden. Er zeigte Kontraktionen, wurde mit der Zeit immer dunk- 
ler, lebte aber noch 11 Tage, ohne sich weiter zu entwickeln. In zwei Puparien, 
die tote Drosophila-Imagines enthielten, wurde ebenfalls je ein Parasit ge- 
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funden. Beide gingen aber zugrunde. Die Larven der Parasiten, die aus Ejiern 
stammen, die in verpuppungsreife Wirtslarven abgelegt worden sind, haben 
offenbar keine Chance zum Durchkommen. Sie kommen zu spat (Siehe ,,ver- 
spatete’ Larven, S. 213). Infizierte Wirte sterben aber jedenfalls auch ab. 

In Schale IIT wurden am siebenten Tage nach der Eiablage der Wespen 
die nicht geschlupften 32 Drosophila-Puppen untersucht, also zu einem Zeit- 
punkte, wo schon Vollarven der Parasiten vorhanden sein sollten. Zwei Pup- 
pen waren verfault, zwolf enthielten einen kleinen Parasiten ausserhalb der 
Drosophilauberreste, bei fiinfen war ein Parasit undeutlich sichtbar, und bei 
dreizehn Wirtspuparien war nichts besonderes festzustellen. Jedoch nur aus 
diesen letzten dreizehn entwickelten sich fertige Wespen, die tbrigen sieb- 
zehn Parasiten starben ab. Hier zeigte sich nun sehr deutlich, dass die Wirts- 
larven zahlreich infiziert werden, der Parasit aber erst eine kleine Chance 
hat durchzukommen, weil die Entwicklung des Wirtes offenbar schon zu 
weit gediehen ist (uber die Histolyse hinaus). 

In Schale 1V sind die Ausfalle, die zum Teil offenbar noch durch Parasitie- 
rung bedingt sind, schon weniger haufig, und die Zahl der auftretenden Wes- 
pen sehr gross. Sie ist denjenigen der Schalen V und VI durchaus gleich- 
Zusetzen. 

In Schale VI ist die Zahl der Ausfalle wieder ungefahr gleich gross wie in 
unparasitierten Zuchten, sind also nicht mehr durch Parasitierung bedingt. Es 
ist ein klares ,,Entweder-Oder’, es schliipft entweder eine Drosophila, dann 
war die Larve nicht infiziert, oder dann eine Pseudeucoila, die ohne weiteres 
mit ihrer Entwicklung durchkommt. 

Zusammenfassung: Es werden also alle Larvenstadien 
mit Eiern belegt, das dritte Stadium allerdings recht selten. Die Chance 
fur den Parasiten, mit seiner Entwicklung mit Erfolg fertig zu werden, ist 
bei Infektion der beiden ersten Larvenstadien am gréssten. Eine Infektion 
kurz vor der Verpuppung der Wirtslarve fihrt nicht mehr zum Erfolg fir 
den Parasiten. Es entstehen aber grosse Ausfalle an Drosophilae, die als Ima- 
gines in den Puparien absterben, offenbar infolge Parasitierung. BocHe (1939, 
1944 zit. nach WELD) kommt fur Eucoila drosophilae und Pseudeucoila bo- 
chei zu denselben Ergebnissen. Er gibt an, dass das Fi in das erste oder zweite 
Larvenstadium gelegt wird, im dritten auch vorkommt, aber gewohnlich ver- 
sagt, also nicht zur Entwicklung gelangt. Puppen werden nicht angestochen. 

RIETRA (1932) hebt fur die Ichneumonide Nemeritis canescens ebenfalls 
hervor, dass keine Bevorzugung irgendeines Alters oder einer Grosse des 
Wirtes festgestellt werden konnte. Ganz junge Wirtslarven starben nach In- 
fektion. Frisch verpuppte Larven werden auch nicht mehr angestochen. CAUDRI 


(1941) kommt fur die Braconide Alysia manducator zum selben Ergebnis. 
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b. Einfluss der Infektion auf die Verpuppung 
des Wirtes. 


Nach PANTEL (1913, zit. nach CaupRI, 1941) und SaLt (1941) kann Para- 
sitierung eine Beschleunigung wie auch eine Verzogerung der Verpuppung des 
Wirtes zur Folge haben. Fur Alysia manducator ergibt sich nach einigen 
Autoren (zit. nach Caupri) eine Beschleunigung. Der Grund, der dazu fith- 
ren soll, ist nicht klar. CaupRI (1941) vermag diese postulierte Beschleunigung 
der Verpuppung in eingehenden Versuchen jedoch nicht nachzuweisen, er stellt 
im Gegenteil eher eine Verzogerung fest. 

Fur Pseudeucoila bochei konnte ein Einfluss auf die Verpuppung des Wirtes 
nicht einwandfrei festgestellt werden, die Parasitierung scheint eher etwas 
verzogernd zu wirken. Die parasitierten Puppen sind gelegentlich auch etwas 
kleiner. 


c Entwicklungsstorungen des Parasiten in ,zu alten* 
Wirtslarven — ,Verspatete’ Larven des Parasiten. 


Auf Seite 211 wurde gezeigt, dass eine normale Entwicklung des Parasiten 
fur einen hohen Prozentsatz nur moéglich ist, wenn die Eiablage durch den 
Parasiten im Wirtslarvenstadium I und II erfolgt. Der Prozentsatz der noch 
zur vollen Entwicklung kommenden Wespen, die als [i in das Larvenstadium 
III des Wirtes gelangten, ist sehr klein. Diese Wirtslarven sind fur die mei- 
sten Parasiten ,,zu alt‘‘, dh. sie sind in ihrer Entwicklung schon zu weit 
vorgeschritten. Bei einer Spatinfektion, also im Wirtslarvenstadium III, ge- 
lingt es dem Wirt meistens, seine Entwicklung bis zur Imago vorzutreiben, 
bevor er der Parasitierung erliegt. Damit im Zusammenhang geraten Parasiten- 
larven gelegentlich zu frih ausserhalb des Wirtes, sie haben erst das Stadium 
,120 Stunden‘ (Abb. 10a) erreicht, und sterben mit der Zeit ab, ohne sich 


weiter entwickelt zu haben. Bei Fruhinfektion (im Wirtslarvenstadium I) ge- 


lingen dem Wirt nur noch die Puparienbildung und der Beginn der Metamor- 
phose. Er wird wahrend derselben, wenn sich die larvalen Gewebe in Histo- 
lyse befinden, vom Parasiten restlos aufgezehrt. Dieser vermag, nachdem er 
den Wirtskorper haufig im Stadium ,,144 Stunden“ verlasst und zwischen 
Wirtsrest und Puparienwand zu liegen kommt, den Wirt von aussen her auf- 
zuzehren. Gelegentlich wird er erst als Vollarve sichtbar, d.h. wenn er alles 
von innen her aufgezehrt hat. Auch bei Infektion im Stadium II gelangt 
der Wirt nur bis zum Beginn der Metamorphose (Histolyse). Es scheint, dass 
die Metamorphose durch den Parasiten aufgehalten wird, denn parasitierte 
Wirtslarven, die ausserlich bereits die Gestalt der werdenden Imago besitzen, 
aber noch vollig unpigmentiert sind, und deren Inneres bei der Sektion noch 
vollig ungeordnet als Brei erscheint, entwickeln sich nicht mehr weiter. 
Ich habe die Parasitenlarven, deren Wirt tber die Meta- 
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morphose hinaus gelangen kann, bevor er der Parasitierung erliegt, 
als .yverspatete™® Larven bezeichnet. Sie sind in ihrem Entwicklungs- 
stadium im Vergleich mit demjenigen ihres Wirtes verspatet und sterben 
meistens ab. 

.Verspatete Larven erscheinen haufig im Stadium ,,120 Stun den" 
wusserhalb des Wirtes, sie sind dann nicht ganz halbsolang wie das Wirts- 
puparium. Ihre Mundwerkzeuge sind offenbar noch nicht so weit entwickelt, 
um ihnen ein Auffressen des Wirtes von aussen her zu ermdglichen. Dessen 
Gewebe sind nach iiberstandener Metamorphose wieder viel widerstandsfahiger 
ils wahrend der Histolyse. Diese ,verspateten* Larven leben 
oft noch tagelang, ohne sich weiter zu entwickeln, und 
sterben dannab. Der Wirt stirbt aber ebenfalls. 

Im Stadium ,144 Stunden” treten bereits haufiger ,,verspatete’’ Lar- 

‘usserhalb des Wirtes auf, denen es aber meistens gelingt, den Wirt von 

bis auf Fliigel- und Beinscheiden aufzufressen. Hie und da bleibt 

Kopf des Wirtes noch tbrig, Diese Parasiteniarven 

-n sich haufig bis zur Imago zu entwickeln. 
wicklungszeit ist nicht langer als bei sol- 
regularer Entwicklung, denn sie sind nur 

verspatet in Bezug auf das Wirtsstadium zur Zeit der 
Infektion. Diese Feststellung scheint mit der Beobachtung von CAupRI 
iibereinzustimmen, wonach die Wirtslarvengrosse (Stadium?) zur Zeit 
Parasitierung keine Wirkung auf den Zeitpunkt des Schlupfens der Imago 

des Parasiten ausiibt. Das Stunden‘‘-Stadium des Parasiten ausser- 
halb des Wirtes ist nicht das Kriterium fiir ,,verspatete‘’ Larven, sondern das 
Stadium des Wirtes zur selben Zeit. Auch in der Normalentwicklung (5. 200) 
reraten Parasitenlarven des Stadiums ,,144 Stunden“ sehr haufig ausserhalb 
les Wirtes, doch ist dieser erst in Histolyse, kommt nicht weiter und wird 
Parasitenlarve immer ganz aufgefressen, wahrend bei ,,verspateten”™ 

‘asitenlarven der Wirt fertig metamorphosiert. 

Ausser diesen ,,verspateten* Larven, die ihre Entwicklung in ,,zu alten” 
Wirtslarven durchmachen miissen, treten noch andere verspatete auf. Dies sind 

die in allen Zuchten auftreten (S. 232), deren Ent - 

nun aber bedeutend langer sein kann als 

Larven treten mit zwei und mehr Tagen Ruckstand in 

der Entwicklung auf die normalen in der Zucht auf und verspaten sich 


i 


nun ebenfalls in Bezug auf die Entwicklung des Wirtes. Derselbe 
ffiel nach Eiablage in ,zu alte’ Wirtslarven 


also durch eine Entwicklungsverzégerung des 
i;ten auftreten. Diese kann experimentell erzeugt werden, wie 


S. 236 eingehender ausgefuhrt w ird. Das Auftreten ,,ver- 
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spateter’ Parasitenlarven fihrt immer zu grossen Aus- 
fallen in Zuchten. 


d. Lage der Parasitenkeime in den Wirtslarven. 


Die Eiablage erfolgt, wie Sektionen zeigen, zu 95 % in die K6érperhdhlen 


der hinteren Halfte der Wirtslarven, bedingt durch die Stellung der Larven 


im Futterbrei. Cauprt (1941) findet die Eier von Alysia manducator eben- 
falls meistens in den hintern Segmenten des Wirtes, in diesem Falle in den 
Larven von Calliphora erythrocephala. Als Grund fur diese Lokalisation ver- 
mutet er, dass der Vorderteil der Larven dank seiner grosseren Beweglichkeit 
dem Legestachel besser auszuweichen vermége. KEILtn (1913) fand ebenfalls 
die meisten Larven von Eucoila keilini im hintern Teil der Wirtslarven vor. 
Er fuhrt diese Erscheinung in Ubereinstimmung mit meinen Beobachtungen 
auch auf die Lage der Wirte im Futter zurtck. Der Parasit legt in die Partie 
der Larven, die ihm zur Verfigung steht; eine Bevorzugung einer bestimmten 
Region zur [iablage besteht also nicht. 

ier und Larven werden in fast allen Korperregionen in den Korperhohlen 
der Wirtslarve gefunden, nur nicht in den vordersten Segmenten. In meta- 
morphosierenden Wirten wurden bei der Sektion rund 60% der Parasiten 
im Abdomen und 40 % im Thorax gefunden, keine im Kopf. 

Die Lage des Parasiten im Wirtstier scheint fiir seine Entwicklung nicht 
wichtig zu sein, obwohl sich die Larven kaum vorwarts bewegen und nur 
durch ihr Wachstum in neue Korperregionen des Wirtes gelangen. Die ver- 
schiedenen Lagen der ausserhalb der Wirte erscheinenden Parasitenlarven 
scheinen dies zu bestatigen. 

RIETRA (1932) gibt fir die Ichneumonide Nemeritis canescens an, dass 
Kier und Larven immer in den Korperhéhlen des Wirtes gefunden wurden, 
nie im Kopf. Es soll auch keine Beziehung zwischen Lage der Larven und 
den Wirtsorganen bestehen. Hingegen konnte Rretra feststellen, dass Neme- 


ritis-Larven im ersten Larvenstadium herumwandern. 


8 ZAHL DER NACHKOMMEN, REPRODUKTIONSRATE. 


In einer Serie von 10 Flaschenzuchten wurden die Nachkommen der Wespen 
genau ausgezahlt. Die Totalzahl der Nachkommen pro Wespenweibchen lag 
zwischen 27 und 131, bei einem Durchschnitt von 75, die Nachkommenzahl 
pro Legetag zwischen 7 und 24, im Durchschnitt 15. Diese Zahlen sind niedrig ; 
es ist aber zu berucksichtigen, dass in Ilaschenzuchten keine optimalen Ver- 
haltnisse herrschen. Die angesetzten Weibchen gingen zum Teil schon nach 
zwei Tagen zugrunde. 

Um die Zahl der Nachkommen, d.h. um die Fertilitat eines Wes- 


penweibchens unter moglichst optimalen Bedingungen 
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feststellen zu konnen, wurden frisch geschlupfte Weibchen nach kontrollier- 
ter Kopulation einzeln auf uber 100 Drosophila-Larven angesetzt und ihnen 
alle 24 Stunden frische, nicht infizierte Wirte vorgesetzt. Diese grosse Zahl 
an Wirtslarven (1 000—2000), die auf diese Art jedem Wespenweibchen 
wahrend seiner ganzen Lebensdauer zur Verfiigung gestellt wurde, musste 
gewahlt werden, um Uberinfektion (S. 220) so weit wie méglich zu_ver- 
meiden. Ferner wurde angenommen, dass ein Pseudeucoila-Weibchen pro 
Anstich nur ein Ei legt, was aus der Lage der Eier bei der Sektion infizierter 
Wirtslarven mit grosser Wahrscheinlichkeit hervorgeht. Die Tab. 6 enthalt die 
lertilitatsdaten fur sieben Weibchen. 


TAB. 6. Zahl der Nachkommen einzelner Weibchen von Pseudeucoila bochei nach Lebens- 
tagen bei 25° C (Einzelzuchten). 


Versuch 1.Tag | 2. Tag | 3. Tag | 4. Tag | 5. Tag | 6. Tag | 7. Lag | 8. Tag Total 


Vil 47_ | 53 17 174 


Durchschr 


pro \ espe 


Alle Wespenweibchen begannen sofort mit der Eiablage. Das absolute 


Maximum pro Tag und pro Weibchen wurde mit 53,4 resp. 86 Nachkom- 
men am ersten Tag erreicht. Das Ergebnis des zweiten Tages ist nur 
unwesentlich kleiner, am dritten Tage wird eine Abnahme deutlich, obwohl 
hier noch ein individuelles Maximum von 8&1 erreicht wird. Vom vierten Tage 
an ist ein starkes Absinken der Legetatigkeit feststellbar. 

Von den sieben Weibchen legten vier am ersten Tage am meisten Fier. 
Die drei andern erreichten ihr Maximum spater, kamen aber auf ein hoheres 
Total. Die Eiablage verteilte sich auf 4—8 Tage. 


In einer andern Versuchsreihe wurde die Zahl der Nachkommen 


bei unbesamt gebliebenen Weibchen festgestellt, sie schwankte 
zwischen 55 und 167. In einem Falle wurden vom Gelege des ersten Tages 
nach dem Schlupfen gleich 84 Mannchen erhalten, in einem zweiten deren 45, 
an den folgenden Tagen bedeutend weniger. Die durchschnittliche Zahl der 
Nachkommen ist allerdings mit 121 etwas niedriger als diejenige besamter 
Weibchen (195). Haporn und ZELLER (1942) fanden bei Drosophila melano- 
gaster, dass die Kopulation als deutlicher Stimulus eine erhohte Eiproduktion 
zur Folge hat. Bei Pseudeucoila bochei liegen die Verhaltnisse etwas anders, 


1 — Tod des Versuchstieres. 


216 
4 
>, 

| 
TC)\T 
| v 4 

85 37 32 7 2 6} — — | 170 
> | 
4 42 11 23 8 3 133 | 
Oe IT] 39 44 31 36 67 20 — — 237 
I\ 52 43 15 24 8 — 11! 233 
\ 25 76 81 50 13 — 259. | 
| 
; VI 70 40 23 20 — 159 
53,4 53,1 39 25 10 6 195 
4 
: 
: 
: 
: 
at 
7 


217 


PSEUDEUCOILA BOCHEI Wetp 


da Pseudeucoila als Imago wahrscheinlich keine neuen Eier mehr produziert 
(FRUHAUF 1923). Es wiirde bei Pseudeucoila also nur ein Stimulus fiir eine 
erhohte Eiablage vorliegen. 

Bei frisch geschlipften Tieren sind die Eierstécke prall mit Eiern gefiillt, 
eine Schatzung ergibt ca. 200—250. Bei alteren Weibchen sind nur noch 
wenige [ier da, was sich ausserlich schon bemerkbar macht, indem die Hinter- 
leibssegmente viel starker ineinander geschoben sind als bei jungen Weibchen. 
Da sich bei Hymenopteren unbefruchtete Eier ebenfalls entwickeln, und die 


Wespen oft mit der Eiablage warten miissen, muss angenommen werden, dass 


die Embryonalentwicklung erst durch die Eiablage angeregt wird. Dies konnte 
durch kunstliche Implantation noch nicht abgelegter Eier in Wirtstiere nach- 
gepruft werden. 

Das individuelle Total der abgelegten Eier hangt wahrscheinlich auch von 
der Korpergrésse der einzelnen Weibchen ab. SALT (1941) zitiert viele Bei- 
spiele von parasitierenden Hymenopteren, bei denen erwiesen ist, dass die 
grossten Weibchen am meisten Eier legen, die kleinsten am wenigsten. Ich 
habe in dieser Richtung keine Untersuchungen ausgefthrt. Immerhin muss 
hier darauf hingewiesen werden, dass kleinere Weibchen statt weniger auch 
kleinere Ejier legen kénnten. Bei Pseudeucoila bochei variert die Eigrosse 
(S. 201), und es scheint, dass ein Weibchen immer Ejier derselben Grosse 
ablegt. 

Ob bei Pseudeucoila ahnlich wie bei Drosophila melanogaster (HADORN und 
ZELLER 1942) ausser der Abnahme der Legerate (Fekunditat) auch noch ein 
Absinken der Eischliipfrate an dem altersbedingten Fertilitatsabfall beteiligt 
ist, konnte nicht untersucht werden. Ob eine mehrmalige Besamung bei Pseud- 
eucoila stattfindet, konnte ebenfalls nicht nachgepriift werden, da genetische 
Markierer fehlen. Ein Wiederansteigen in der Legerate nach Zugabe von 
neuen Mannchen wurde jedenfalls nicht beobachtet. 

Vergleicht man die Reproduktionsrate von Pseudeucoila bochei 


(195 bei rund 20-tagiger Entwicklungszeit bei 25° C) mit derjenigen ihres 
Wirtes Drosophila melanogaster (ca. 2000 bei optimalen Verhaltnissen und 
nur rund 10-tagiger Entwicklungszeit bei 25°C), so lasst sich ohne lange 


serechnung sofort feststellen, dass von einer wirksamen biolo- 
gischen Kontrolle des Wirtes durch den Parasiten 
niemals die Rede sein kann. Pseudeucoila ist nur einer von 
vielen Drosophilafeinden, und erst deren Gesamtheit vermag eine effektive 
biologische Kontrolle auszuuben. SALT (1932, zit. nach CAuDRI 1941) gibt 
fur Alysia manducator eine Reproduktionsrate von 1o1 an (Eizahl nach 
G. jedoch 549). 
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9. GESCHLECHTSBESTIMMUNG UND GESCHLECHTSVERHALTNIS. 


Die Entscheidung, ob aus einem Ei ein Mannchen oder ein Weibchen werde, 
fallt wahrend der Eiablage. Aus einem unbefruchtet gebliebenen Ei entwickelt 
sich ein Mannchen, aus einem befruchteten ein Weibchen. Diese Art der 
Geschlechtsbestimmung (,,Haplo-Diplo-Mechanismus*) gilt fast 
allgemein fur die Hautfligler. Ausnahmen sind von INABA (1939) beschrieben 
worden, der von der Ichneumonide Habrobracon diploide Mannchen 
und triploide Weibchen erhalten hat, wahrend ScuMIiEpDER und 
Wuittnxc (1946) von der Chalcidide Melittobia wieder nur haploide Mannchen 
erhielten. 

Cytologische Untersuchungen wurden bei Pseudeucoila nicht durchgefuhrt. 
Is wurde nur festgestellt, dass unbesamt gebliebene Weibchen 

mer nur Mannchen als Nachkommen hatten. 

Das Geschlechtsverhaltnis gewohnlichen Flaschen- 
zuchten war rund 1,7:1 zugunsten der Mannchen. Aus I0 
Zuchtflaschen wurden 1119 Mannchen und 625 Weibchen erhalten, wobei 
nur eine Zucht mehr Weibchen als Mannchen enthielt. Aus einer andern 
Zuchtenfolge wurden 1342 Mannchen und 783 Weibchen herausgelesen. Das 
Geschlechtsverhaltnis wurde nun genauer untersucht. 

Versuchsanordnung: Um ein durch Uberinfektion (S. 220) oder 
durch unbesamt gebliebene Weibchen weitgehend unbeeinflusstes Geschlechts- 
verhaltnis zu erhalten, wurden Wespenweibchen vom Schlupfen weg einzeln 
in kleinen Deckelschalen von ca. 6 cm Durchmesser gehalten. Eine Kopulation 

vorher stattgefunden. In den Schalen wurde der Drosophilafutterbrei 

dick aufgetragen. Damit wurde vermieden, dass eine Droso- 

vom Wespenstachel nicht erreicht werden konnte. Auch wurden 

» Tage alte Wirtslarven vorgesetzt, um alle ,,Verspatungen™ der Para- 
sitenentwicklung (S. 213) auszuschalten. Die Wespenweibchen wurden sodann 


jeden Tag in ein frisches Gefass mit neuen Wirtslarven ubertragen. Dadurch 


m ein Parasit tiglich meist weit iber 100 Larven zur Infektion angeboten. 


Diese Zuchten wurden im Sommer bei Zimmertemperaturen von 22—2 
gehalten. 
Aut diese Weise konnte festgestellt werden, in welchem Verhaltnis wahrend 
den Legetagen befruchtete und unbefruchtete [ier abgelegt worden. sind. 
se und Diskussion: In Tab. 7 sind die Ergebnisse 
aus funf Kinzelzuchten zusammengestellt. Daraus geht hervor: 
1. ks werden von Anfang an befruchtete und unbefruchtete Eier gelegt. In 
ihrem Verhaltnis zu einander ist keinerlei Regelmassigkeit zu erkennen. 


der bei den Nachkommen auftretenden Mannchen schwankt pro 
‘tag eines Weibchens zwischen 20 und 80 “%. 
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3. Das Total der mannlichen Nachkommen eines Weibchens schwankt zwi- 
schen 39 und 48 %. Im Durchschnitt traten 44 % Mannchen auf, das 


Geschlechtsverhaltnis ist somit 1:1,26 zugunsten der 


Weibchen. 


TAB. 7. Geschlechtsverhaltnis bei den Nachkommen aus fiinf Einzelzuchten ohne 
infektion. 


II 
Legetag 


Total 


ks sind also weniger Mannchen als Weibchen, bedeutend weniger als nach 
den I*rgebnissen aus den Zuchtflaschen (63 % Mannchen) erwartet werden 
konnten. Uberinfektion spielt beim Vergleich der Versuche in Zuchtflaschen 
und der eben besprochenen Einzelzuchten kaum eine Rolle. Der grosse Unter- 
schied ist wohl darauf zuruckzufuhren, dass in der Versuchsreihe die Wespen- 
weibchen einzeln gehalten wurden, wahrend in den Zuchtflaschen 
mehrere Weibchen zusammen und gleichzeitig auf derselben Zucht ihrer 
Legetatigkeit obliegen konnten. Sobald aber mehrere Weibchen zusammen 
angesetzt werden, besteht die Modglichkeit, dass unbesamt gebliebene dabei 
sein konnten. Diese wurden aber das Geschlechtsverhaltnis wesentlich zugunsten 
der Mannchen verschieben. 

Bocue (zit. nach WELD 1944) hat in seinen Zuchtergebnissen mit Pseud- 
eucoila das Geschlechtsverhaltnis ebenfalls festgehalten. Er hielt die Parasiten 
paarweise. Von 36 Zuchten bekam er 3 399 W. und 1 683 Mannchen, also ein 


Geschlechtsverhaltnis von 1 : 2,02 zugunsten der Weibchen, also nur 33 % 


Mannchen, somit bedeutend weniger als in meinen Versuchen. Er gibt aller- 
dings nichts an uber die Zahl der den Wespen zuganglich gewesenen Wirts- 
larven. Die durchschnittliche Nachkommenzahl eines Weibchens betragt in 
seinen Zuchten 141, in meinen Versuchen 209. Somit konnte das Geschlechts- 
verhaltnis in seinen Zuchten moglicherweise durch Uberinfektion zugunsten 
der Weibchen verschoben sein. Die Parasiten fanden offenbar nicht in allen 
Fallen eine vollig genugende Zahl von Wirtslarven vor. Allerdings fallt das 


von Bocur gefundene Geschlechtsverhaltnis (33 % Mannchen) nach meinen 
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Berechnungen tiber die Wirkung der Uberinfektion (Abb. 14, S. 225) noch 
nicht in die Uberinfektionszone. 

Nach VANDEL (1935) besteht bei superparasitischen Hymenopteren eine 
deutliche Beziehung zwischen dem auftretenden Geschlechtsverhaltnis der 
Parasiten und der Grosse der Wirte. Als Beispiel fuhrt er Alysia manducator 
(nach Hotpaway & SMITH 1932) an. In den am kleinsten bleibenden Wirts- 
larven entwickeln sich nur Mannchen. Doch spielt auch die Zahl der in die 
Wirtslarven abgelegten Eier eine Rolle (VANDEL 1932). Die Verschiebung 
des Geschlechtsverhaltnisses in kleinen Wirten und bei grosser Fizahl zu- 
gunsten der Mannchen scheint ein Hungereffekt zu sein. Nach SHEVIREV 
(1913, zit. nach VANDEL) besteht bei der Ichneumonide Pimpla ebenfalls eine 
solche Beziehung zwischen Geschlecht des Parasiten und Grosse des Wirtes. 

Kin Effekt zugunsten der Mannchen kann auch bei Pseud- 
eucola bochei durch Nahrungsmangel in _ ubervolkerten Wirts- 
zuchten erzielt werden (JENNI 1947). Dieser Hungereffekt wirkt sich in Para- 
sitenzuchten auf der kleinen Drosophila busckii am haufigsten aus, da der 
ohnehin schon kleine Wirt bei Nahrungsmangel fir Pseudeucoila zu klein 
wird, was sich offenbar vor allem fur deren Weibchen ungunstig auswirkt. 


V. EINFLUSS DER UBERINFEKTION AUF DAS GESCHLECHTS- 
VERHALTNIS. 


Eine Drosophila-Larve wird umso starker mit Ejiern belegt, d.h. uber- 


infiziert, je weniger Individuen den eierlegenden Wespen erreichbar sind 


(S. 191). Diese Neigung zur Uberinfektion, auch bei Arten mit nor- 
malem Superparasitismus, scheint weit verbreitet. Nach SCHNEIDER (1940) 
neigt Brachymeria euploeae bei gewissen Wirten zur Uberinfektion, indem 
mehr Eier in einen Wirt abgelegt werden, als sich normalerweise Larven ent- 
wickeln kénnen. Nach SCHNEIDER handelt es sich um psychische Fehlleistungen 
der Parasiten. 

einen hohen Prozentsatz an parasitierten Wirten zu erhalten, wurden 

‘r Versuchsreihe viele Wespen auf wenig Drosophila-Larven an- 
gesetzt. Dabei fiel mir auf, dass in der Nachkommenschaft entweder nur 
Weibchen oder doch nur sehr wenig Mannchen auftraten. In weiteren Ver- 
suchen wurde diese Erscheinung nun genauer untersucht; dabei wurden 
meist frisch geschlupfte Weibchen verwendet, die noch nie Eier  gelegt 
hatten. Es wurde angenommen, dass diese am meisten Eier legen, und somit 
die gewtinschte Uberinfektion umso sicherer zustande kame. Dies wird be- 
statigt durch Sektionsergebnisse und durch die Zahl der Nachkommen pro 
Legetag (S. 216). Fur Versuche ausserhalb der Uberinfektionszone  spielt 


Alter und Eifiille der Weibchen keine Rolle mehr, da zwischen Zahl der 
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Nachkommen und deren Geschlechtsverhaltnis keine Beziehung mehr besteht. 
Hier interessieren dann allein noch die Schwankungen des Geschlechtsver- 
haltnisses. 

Graphisch dargestellte Versuchsreihen zeigten eine deutliche Kor- 
relation zwischen dem angesetzten ,Wirt/Parasit- 
Verhaltnis’ (W/P) als Mass des Parasitierungsgra- 
des einer Drosophilazucht und dem daraus resul- 
tierenden Geschlechtsverhaltnis der Wespen-Nach- 
kommenschaft, und zwar verschiebt Uberinfektion 
das Geschlechtsverhaltnis zugunsten der Weibchen. 
Wenn in einer mit mehreren Wespeneiern belegten Drosophila-Larve be- 
fruchtete Eier dabei sind, so setzt sich offenbar eines dieser befruchteten 
durch. Der biparental entstandene weibliche Organismus scheint dem par- 
thenogenetisch entstandenen mannlichen tberlegen zu sein. 

Wie auf S. 208 ausgefiihrt wurde, muss als Ursache der Elimination eine 
chemische Wirkung postuliert werden, da sich die Larven weder auffressen 
noch verletzen, auch besteht weder Raum- noch Nahrungsmangel. Ein mor- 
phologischer Unterschied zwischen weiblichen und mannlichen Larven konnte 
nicht festgestellt werden. Wie oben erwahnt, wurde als erstes Mass 


des Parasitierungsgrades das Verhaltnis der Wirts- 


larvenzahl (W) zur Zahl der auf die Wirte angesetz- 
ten Parasiten (P,=Parental-Parasiten) als ,W/P,° ver- 
wendet. spatern Versuchen wurde als W_ die Zahl der verpupp- 
ten Drosophilae gebraucht. Die Zahl der Larven, die nicht zur Verpuppung 
kamen, wurde als unwesentlich erkannt und nicht mehr in Betracht gezogen. 

Als ein weiteres Mass des Parasitierungsgrades einer 
Drosophila-Zucht wurde die Zahl der parasitierten Droso- 
phila-Puppen (P;= Filial-Parasiten) verwendet, indem diese in P ro- 
zent aller Drosophila-Individuen (W=Wirte) angegeben 

P;X 100 


wurden, also: 
W 


schen Parasitierungsgrad und Geschlechtsverhaltnis der Nachkommen der 


Diese Darstellungsart zeigt die Korrelation zwi- 


Parasiten etwas weniger deutlich. 

Beide Darstellungsarten (Abb. 13 u. 14) haben dieselbe Fehlerquelle. Wirts- 
larven, die wahrend des Versuches das Futter verlassen, werden von Wespen 
nicht beachtet. Ferner werden bei dick aufgetragenem [utter immer einige 
Larven den Wespen im Futterbrei entgehen. Alle dies Larven, die also eigent- 
lich am Versuche nicht teilnahmen, verschieben die Versuchsresultate. 

Um diese Fehlerquelle auszuschalten, wurde ein drittes Mass 
P;/P, errechnet aus der Zahl der Nachkommen der Para- 
siten einer Zucht (P;=—Filial-Parasiten) und der Zahl 
ihrer in dieser Zucht angesetzten Eltern (P,=Pa- 
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rental-Parasiten). Dies hat den Vorteil, dass die Larven- oder Pup- 
penzahl des Wirtes (W) ausgeschaltet werden kann. Fur dieses Mass des 
Parasitierungsgrades P;/P, wurde in Abb. 12 die logarithmische Darstellung 
gewahlt. Eine Darstellung in Prozenten ware unzweckmassig, sie gabe ent- 
weder eine Haufung von Zahlen gegen Null hin oder eine Ausdehnung auf 
viele Tausende von Prozenten. 

Diese Darstellung (Abb. 12) zeigt zudem ausserhalb der Uberinfektions- 
zone annahernd die Zahl der pro Parasit abgelegten Eier. Da eine Beziehung 
zwischen Parasitierungsgrad und Geschlechtsverhaltnis ausserhalb dieser Zone 
aufhort, darf angenommen werden, dass nun jedes gelegte Ei sich ohne Kon- 
kurrenz bis zur Imago entwickeln kann. Das Ausgangsverhaltnis 

Zucht, die Zahlen der angesetzten Parasiten und Wirte, 
>») muss allerdings immer noch mit in Betracht 
gezogen werden, weil aus nicht mehr hervorgeht, ob den 


arasiten zu wenig Wirte zur Verfiigung standen oder ob nur eine kleine 


g 
J 
Zahl von Eiern gelegt worden ist. 


Die Korrelation zwischen Parasitierungsgrad einer Drosophila-Zucht und dem 
Geschlechtsverhaltnis der Nachkommenschaft der Parasiten wird in dieser 
Darstellungsart (mit (P;/P, als Mass des Parasitierungsgrades, Abb. 12) am 
deutlichsten. Die Gewichte der verschiedenen Versuche sind durch die Grosse 
der Kreise wiedergegeben. Der Durchmesser der Kreise entspricht in mm 
der Quadratwurzel aus der im Versuche auftretenden Parasitenzahl. Die 
Quadrate geben zum Vergleich die Resultate aus kontrollierten Ilaschen- 
zuchten wieder. 

Diskussion: Hat die Infektionszeit einen Einfluss auf das 
Versuchsresultat? Als Infektionszeit wird hier die Zeitdauer bezeichnet, die 
len Wespen im Versuche zur Eiablage gewahrt wurde. Die Wespenweibchen 
sind in den meisten Versuchen 24 Stunden auf den Larvenzuchten belassen 
worden (Abb. 12, weisse Kreise), in einigen [allen weniger lang (halb- 
punktierte Kreise), in andern langer (punktierte Kreise). Ein Vergleich der 
verschiedenen Ergebnisse zeigt, dass die Infektionszeit fur diese Versuche in 
Bezug auf den Uberinfektionseffekt kaum eine Rolle spielt. Die Kreise der 
Versuchsreihen mit langer und mit kurzer Infektionszeit bleiben alle im selben 
Streuungsbereich. Eine Verlangerung der Infektionszeit uber mehrere Tage 
bleibt vollig wirkungslos, da Wespeneier in Wirtslarven, die schon in Ent- 
wicklung begriffene Parasiten enthalten, sich nicht mehr entwickeln konnen. 
Sie werden eliminiert und kénnen somit das Resultat der Uberinfektion nicht 
mehr beeinflussen. Eine zu kurze Infektionszeit musste das Zuchtergebnis 
zugunsten der Mannchen verschieben, weil die Wahrscheinlichkeit, dass uber- 
infiziert wird, sinkt. Will man Uberinfektion erreichen, so muss eine Minimal- 
zeit eingehalten werden, die je nach Versuchsanordnung verschieden lang be- 


messen werden muss. Ein Versuch mit viel Wespen und wenig Wirtslarven, 
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% Mannchen 


Parasitierungsgrad log. 


3 4050 100 200 


Abb. 12. Beziehung zwischen Geschlechtsverhaltnis (ausgedriickt in % Mannchen) und 
Parasitierungsgrad (Uberinfektion), dargestellt durch das Zahlenverhaltnis der auftre- 
tenden Parasiten (Filialgeneration=P,) zu den angesetzten Parasiten (Parentalgenera- 


tion = Pi), logarithmisch aufgetragen. 


z. B. ein Experiment mit einem Ausgangsverhaltnis von Wirtslarven zu Para- 
siten von 1:1 (im Versuch 30:30) hatte schon nach zweistundiger Infektions- 
zeit eine 100 %-ige Uberinfektion zur Folge, hat also in der Nachzucht nur 
Weibchen ergeben. Ein weiteres Belegen der Wirtslarven mit Eiern musste 
wirkungslos bleiben. Das Ausgangsverhaltnis W/P, ist also 
fur die Wahl der Infektionsdauer entscheidend. 

Ubt die Zahl der angesetzten Wespen einen Einfluss auf 


das Versuchsresultat aus? Die Mehrzahl der Versuche, bei denen viele Wes- 


penweibchen zur Eiablage gekommen sind, zeigen einen relativ hohen Pro- 
zentsats an Mannchen in der Nachzucht. Drei Grtinde konnen hiefur an- 


gegeben werden: 

1. Sobald viele Weibchen (im Maximum 175) in einem Versuche verwendet 
werden, kann nicht mehr kontrolliert werden, ob alle Weibchen besamt 
sind. Unbesamte Weibchen verschieben aber wie erwahnt das Geschlechts- 


verhaltnis zugunsten der Mannchen. 
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ks scheint, dass ein Weibchen im ,,Mehr-Weibchen-Versuch" nicht so viel 

Kier legt wie im ,,Einzel-Versuch“ (S. 191, 216 u. 230). Es ist méglich, dass 

sich die vielen Wespen auf dem relativ engen Raume gegenseitig st6ren und 

in der Eiablage hemmen. Die Versuchsanordnung bringt einen Faktor ins 

Spiel, der in der freien Natur nicht vorkommt. 

3. Die Wespenweibchen konnten méglicherweise bei den Bedingungen eines 
.Mehr-Weibchen-Versuches“ eine erhéhte Tendenz zur Ablage unbe- 
fruchteter Eier zeigen. 

Dieselbe Ierscheinung, wie bei Versuchen mit vielen Weibchen, tritt in den 
gewOhnlichen Flaschenzuchten auf, wo im Durchschnitt uber 60% Mann- 
chen entstehen. Das hohe Total der infizierten Puppen, das in Flaschenzuchten 
erreicht werden kann, kommt aber dadurch zustande, dass den Wespenweib- 
chen von den immer noch eierlegenden Fliegen die Wirtslarven fortdauernd 
geliefert werden. Die Flaschenzucht kommt also annahernd einem Versuche 
gleich, bei dem einer Wespe immer neue Larven vorgesetzt werden, Uberin- 
fektion somit kaum vorkommt. Es handelt sich hier also um einen ,,Mehr- 
Weibchen-Versuch* ohne Uberinfektion, was sich zugunsten der Mannchen 
aus wirkt. Zudem ist in stark bevolkerten Zuchtflaschen ein ebenfalls zugunsten 
der Mannchen wirkender ,,Hungereffekt’’ (S. 220) méglich. Die Ausfalle an 
Parasiten wurden jedoch nicht naher kontrolliert. 

Die Voraussetzungen fir Zuchten ohne Uberinfektion kon- 
nen z. T. mit Zahlen angegeben werden. In Abb. 13 sind die Ergebnisse der 
drei fruher erwahnten Darstellungsarten (S. 221) als Kurven aufgetragen. 
Zu diesem Zwecke wurden die Versuchsergebnisse (Abb. 12, S. 223) in Grup- 
pen zusammengenommen, d.h. aus mehreren nahe beieinander liegenden Re- 
sultaten ein Punkt errechnet unter Berucksichtigung der jedem Versuchs- 
ergebnis zugrunde liegenden Individuenzahl. Die Ubereinstimmung der Kur- 
ven im Grossen ist deutlich. Ungefahr beim Punkt ,,30  Mannchen“ hort 
das Ansteigen der Kurven auf. In Abb. 14 wurde versucht, die Ergebnisse 
auf einfachste Art darzustellen. ,,.Mehr-Weibchen-Versuche“ ausserhalb der 
Uberinfektionszone, Versuche mit sehr kurzer Infektionszeit und Extreme 
nit Klemer Individuenzahi sind hier unberucksichtigt geblieben. Punkt ,,29,7 % 
Mannchen* wurde als Knickstelle errechnet, und alle Punkte links und rechts 
lavon in je einem vereinigt. Der theoretisch ideale Fall, dass die Kurven 
rechts des Knickpunktes wagrecht verlaufen, wird in allen drei Fallen beinahe 
erreicht. 

Aus den beiden Abb. 13 u. 14 geht hervor, dass bei normalen Zucht- 
bedingungen Uberinfektion kaum eine Rolle spielt, wenn: 

1. In einer Zucht 30 und mehr Prozent Mannchen in der Nach- 


2. Wenn einer Wespe pro Tag uber 140 Wirtslarven zur Ejablage 


zur Verfugung stehen. 
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Abb. 13. Darstellung der Ergebnisse der Uberinfektionsversuche in Kurven. Der Para- 

sitierungsgrad ausgedrtickt in drei verschiedenen Massen: 

a als Zahlenverhaltnis der angesetzten Wirtslarven (W) zu den sie mit Eiern belegenden 
Parasiten (P,) = W/P,, (S. 221), logarithmisch aufgetragen. 

b Parasitierte Wirtspuppen (P,) in Prozenten aller Wirtslarven (W) = P,-100/W (S. 221). 

cals Zahlenverhaltnis der sich entwickelnden Parasiten (P, = Filialgeneration) zu den 
zur Zucht angesetzten Parasiten (P,, = Parentalgeneration) = P/P,,, logarithmisch 


aufgetragen (S. 221). 
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Abb. 14. Darstellung der Ergebnisse der Uberinfektionsversuche in einfachster Form. 
Legende siehe Abb. 13. 
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3. Wenn eine Wespe in einer Zucht pro Tag uber 60 Nachkommen 


erzielen kann. 
4. Wenn die Zahl der parasitierten Puppen unter 45 


b. 15. Schema zur Uberinfektion. Verteilung der Eier nach Sektionsbefund auf 20 
oe so phil 1-P uparien. Verteilung des Geschlechts der Keime auf Grund des gefundenen 
Serchnn -hnittlichen Geschlechtsverhaltnisses in Zuchten (44% Mannchen). Resultat dieser 
Infektion: 13 Weibchen: 2 Mannchen des Parasiten und 5 Wirte. Weisse Ovale in Pupa- 

rium: Sich durchsetzende Keime. Schraffierte Ovale: Eliminierte Keime. 


Um die Wirkungsweise der Uberinfektion in einer Zucht zu demonstrieren, 
wurde auf Abb. 15 ein Schema zur Uberinfektion hergestellt. 
Eine Serie von 20 sezierten Wirtslarven enthielt total 30 Ejier, die auf die 
Wirte wie folgt verteilt waren: 1 Wirt mit 4, 3 Wirte mit 3, 6 mit 2 E1ern, 
5 mit 1 Ei und 5 ohne Ei. Nehmen wir auf Grund zahlreicher Versuche eine 

male Geschlechtsverteilung von 56 Weibchen zu 44 Mannchen an, so 
miisste sich aus eben erwahnter Serie infolge Uberinfektion ein Verhalt- 
nis von 13 Weibchen zu 2 Mannchen ergeben (Abb. 15). Dieses 
Verhiltnis bleibt sich auch gleich, wenn wir eine Verteilung von 50:50 oder 
von 60 Weibchen zu 40 Mannchen annehmen, weil das Vorhandensein eines 
weiblichen Keimes geniigt, um alle mannlichen Keime in derselben Wirts- 

rve zu vernichten. Es kann also auf Grund von Sektions- 
ergebnissen das Geschlechtsverhaltnis fur Versuche 
vorausgesagt werden, wie dies in den im folgenden Abschnitt be- 
schriebenen Versucht bestatigt wird. 

Nach den auf S. 230 beschriebenen Versuchen und Sektionsbefunden 
Tab. 9) konnte ungefahr vorausberechnet werden, wieviele der in den er- 
wahnten Versuchen weiter gezuchteten Wirtslarven parasitiert sein werden; 
ausserdem konnte auch das wahrscheinliche Geschlechtsverhaltnis der neuen 
Parasitengeneration auf Grund der Resultate der Uberinfektion vorausgesagt 
werden. In den Versuchen wurden aus acht infizierten Zuchten je 25 Wirts- 
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larven herausgenommen und seziert und die Sektionsergebnisse fiir die Vor- 
aussagen verwertet. Die ubrigen Wirtslarven dieser acht Zuchten wurden auf- 
gezogen und das Zuchtergebnis mit den Voraussagen verglichen. (Tab. 8), sie 
bestatigen die Wirkung der Uberinfektion. Der Einfachheit halber wurde bei 
der Berechnung angenommen, dass bei Vorhandensein von mehr als zwei 
Kiern pro Larve immer ein Weibchen entstehe, bei Infektion mit 1—2 Eiern 
aber eine Verteilung von zwei unbefruchteten Eiern zu einem befruchteten Ei 
vorliege entsprechend dem Geschlechtsverhaltnis aus Flaschenzuchten (63 % 
Mannchen), da hier ,, Mehr-Weibchen-Versuche“ (S. 223) besprochen werden. 
Diese Berechnung stimmt nicht genau, da die Zahlen der unbefruchtet und 
befruchtet abgelegten Eier nicht in einem exakt berechenbaren Verhaltnis 
zueinander stehen. 


TAB. 8. Verteiliung der Parasiteneier auf die Wirtslarven, Vergleich der Voraussagen 
mit den Zuchtergebnissen. 


Versuche bei 


18,5° | 21,5° | 


Sektionsergebnisse: | 
Larven ohne Ei 
> mit 1 Ei 

» 2 Ejiern 


, mehr als 2 Eiern 


Voraussagen: 
Parasiten in Prozent 
Davon Mannchen in Prozent 


Zuchtergebnisse: 


Parasiten in Prozent .. . | 87 


Davon Mannchen in Prozent - 14 19 | | 28 


Beim Versuch bei 11° ist die Parasitierung zu klein, um die Zahlen tber- 
haupt verwerten zu konnen. Die Zahl der in der Nachkommenschaft auftre- 
tenden Mannchen wurde durchwegs zu niedrig vorausgesagt. Die verwerteten 
Zahlen sind zudem etwas klein. Dass bei 30° keine Parasiten 
mehr zur vollen Entwicklung gelangen, ist auffallig und 
wird auf S. 233 eingehender behandelt werden. 

Die Moglichkeit der Vorausberechnung eines Zuchtresultates erlaubt auch 
umgekehrt, ein erwunschtes Ergebnis durch eine bestimmte Versuchsdispo- 
sition, die aus dem gewunschten Zuchtresultat ruckwarts errechnet werden 
kann, annahernd zu erzwingen. Da die Vorausberechnung auf Grund von 
Sektionsbefunden erfolgt und eine normale Weiterentwicklung der Zucht 
voraussetzt, ist die Moglichkeit gegeben, mit den nichtsezierten Wirtslarven 


1 Alle Parasiten abgestorben, keine geschlupft. 
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weiter zu experimentieren und ein eventuell stark von der Voraussage ab- 
veichendes Resultat auszuwerten. Diese Vorausberechnung ersetzt den Kon- 
trollversuch nicht, doch ist bei Kontrollversuchen zu berucksichtigen, dass die 
Bedingungen, z.B. die der Infektion, nicht genau dieselben sein konnen wie 
im Experiment. Die Kontrolle eines Versuches durch eine Kontrollzucht wird 


ilso durch die Vorausberechnung noch verscharft. 


Mit Uberinfektion habe ich hier immer einen Sonderfall des Super- 
parasitismus bezeichnet. Dieser Begriff ist von Fiske (1910, zit. nach 
CaUDRI 1941) eingefuhrt und von G. SmirH (1916, zit. nach CAUDRI) prazi- 
siert worden. SMITH versteht unter Superparasitismus die normale Ent- 
wicklung von mehreren Parasiten derselben Art in- 
nerhalb eines Wirtes. Sind mehrere primare Para- 
siten verschiedener Arten innerhalb eines Wirtes, 
so spricht man von Multiparasitismus. Dieser Fall liegt z.B. vor, 
wenn Drosophila-Larven zugleich von Pseudeucoila und von Phaenocarpa 
(S. 242) infiziert worden sind. Der Begriff Superparasitismus ist 
ferner abzugrenzen gegen den Hy perparasitismus, obwohl oder gerade 
weil der Gebrauch dieser beiden Begriffe nebeneinander sprachlich nicht ganz 
einwandfrei ist. Von Hyperparasitismus spricht man, wenn ein Parasit 
parasitiert wird, wenn z.B. die Larve oder die Puppe einer Pseudeucoila 
noch parasitiert wiirde, wobei dann Pseudeucoila der primare Parasit und 


ihr Schmarotzer der sekundare Parasit von Drosophila ware. STUBEN 


illl 


(1949) schildert den interessanten Fall von Hyperparasitismus innerhalb der- 
selben Art (£ncarsia tricolor). 

Wenn in Fallen von regularem Superparasitismus (HoLp- 
away & SMITH 1932, VANDEL 1932 u. 1935) eine starke Uberinfek- 
tion erfolgt, dh. wenn ein Parasit zu viele Eier in einen Wirt legt, ve r- 
schiebt sich das Geschlechtsverhaltnis zugunsten der 
Mannchen. Dieses Phanomen findet dadurch seine Erklarung, dass die 
Weibchen infolge Nahrungsmangel in dem_ ubervolkerten 
Wirt starker eliminiert werden als die offenbar weniger anspruchs- 
vollen Mannchen. Derselbe Effekt zeigt sich nach VANDEL (1935) und 
CLAUSEN (1939) bei verschiedener Wirtsgrésse; grosse Wirte geben ein 
Geschlechtsverhialtnis stark zugunsten der Weibchen, kleine zugunsten der 
Mannchen. 

Bei Pseudeucoila bochei liegen die Verhaltnisse, wie gezeigt wurde, grund- 
sitzlich anders, weil stets nur ein Parasit pro Wirt zur 
vollen Entwicklung gelangt, ihm also normalerweise eine genu- 
gende Nahrungsmenge zur Verfiigung steht. Die Entscheidung, welches Ge- 
schlecht zur Entwicklung kommt, wird nicht durch Raum- oder Nahrungs- 
einen Unterschied in der 


sondern durch 


bestimmt, 


ae 
a 
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Entwicklung der Geschlechter, der sich in einer frithen Ent- 
wicklungsphase (1. Larvenstadium?) zugunsten der Weibchen 
auswirkt. 

Dieser Fall wird kaum einzig dastehen. Viele parasitische Hymenopteren 
uberinfizieren ihren Wirt, so auch die Braconide Phaenocarpa tabida (S. 241). 
Ob auch in diesen Fallen eine Verschiebung des Geschlechtsverhaltnisses zu- 
gunsten der Weibchen erfolgt, bleibt noch zu untersuchen. 

Die biologische Bedeutung der Uberinfektion in der freien Natur ist nicht 
bekannt. Auf theoretische Folgerungen im Zusammenhang mit dem _biolo- 
gischen Gleichgewicht zwischen Parasit und Wirt soll daher hier nicht ein- 


gegangen werden. 


VI. WIRKUNGEN VERSCHIEDENER TEMPERATUREN AUF DEN 
PARASITEN. 


1. EINFLUSS VERSCHIEDENER TEMPERATUREN AUF EIABLAGE, ENT- 
WICKLUNGSDAUVER, LEBENSDAUER DER IMAGO UND GESCHLECHTS- 
VERHALTNIS. 


A. Auf die Eiablage. 


In einem Stufenthermostaten wurden bei 11—13—16,5—18,5—21,5— 
24,5—27,5—30° C Durchschnittstemperatur je 15 Pseudeucoila-Weibchen 
auf 2—3 Tage alte Fliegenlarven 24 Stunden lang angesetzt. Diese Weibchen, 
die selber bei 25° C geziichtet worden waren und noch nie Gelegenheit zum 
Eierlegen hatten, wurden vor den Experimenten 24 Stunden lang den betref- 


fenden Temperaturen ausgesetzt, dh. ,,vorgekuhlt und ,,vorgewarmt™. Je 


25 der in jedem Versuche verwendeten Fliegenlarven wurden nach erfolgter 


Infektion seziert und die Eier der Parasiten herausgesucht. Tab. 9 zeigt die 
Verteilung der Parasiteneier auf die Wirtslarven bei den oben erwahnten 
Temperaturen. 

3eim Versuch mit 11° waren nach 24 Stunden ,, Vorkithlen“ von den 15 Weib- 
chen 10 fast regungslos und nach der Eiablage, also nach 48 Stunden, deren 
11. Vier liefen noch herum, nur diese konnten Eier gelegt haben. Die ubrigen 
erholten sich nach einer Stunde Zimmertemperatur vollig. Von den Wirts- 
larven waren wahrend des Versuches fiinf abgestorben, acht gingen danach 
noch zugrunde. 

Aus der Zahl der infizierten Larven, dem Total der abgelegten Ejier und 
dem Auftreten von maximal wberinfizierten Wirtslarven geht klar hervor, 
dass das Optimum fttr die Legetatigkeit in dieser Versuchs- 
serie zwischen 18,5 und 24,5°, bei 21,5° liegt. Dies ist eine Tem- 


peratur, bei welcher noch nicht das Minimum der Entwicklungszeit erreicht 
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TAB. o. Verteilung der Parasiteneier auf die Wirtslarven bei verschiedenen Temperaturen. 


Larvenzahl 
Eizahl 


21,5 


vird (bei 18° 30 Tage, bei 21° 22 Tage und bei 25° 17 Tage fur die Mann- 
Die Legetatigkeit der Weibchen nimmt von 25° an aufwarts 


ebenso bei Temperaturen unter 18° C. 


B. Auf die Entwicklungsdauer. 


Der Einfluss verschiedener Temperaturen auf die Entwicklungsdauer wurde 


festgestellt. Auf iiber 1000 1—2 Tage alte Wirtslarven wurden 50 Pseud- 


eucoila-Weibchen wahrend 24 Stunden bei 25° losgelassen. Aus dieser infizierten 


Zucht wurden die Wirtslarven auf sieben Zuchtschalen verteilt und im Stufen- 
thermostaten bei 1I1—13 21—27—30° Durchschnittstemperatur 
gehalten. Die Temperaturschwankungen waren geringfiigig, ungefahr 0,5°, ein- 
zig fur 30° betrug sie + 1° C. Eine Kontrollzucht wurde bei der Standard- 
zuchttemperatur von 25° C gleichzeitig mitgefuhrt. Auf Tab. 10 sind die ver- 
schiedenen Entwicklungszeiten des Wirtes und des Parasiten von Eiablage 
bis zum Schlupfen aufgefuhrt. 

Bei einer durchschnittlichen Zuchttemperatur von 11° C ist eine erfolgreiche 


Entwicklung bis zur schlupfreifen Imago fur Parasit und Wirt eine Selten- 
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TAB. 10. Entwicklungszeiten des Wirtes Drosophila melanogaster und seines Parasiten 
Pseudeucoila bochei von der Eiablage bis zum Schliipfen bei verschiedenen Zuchttem- 
peraturen, in Tagen. 


Versuche bei : 27" 30° C 


Drosophila schlipfen nach | | 8—11 Tagen 
Erste Pseudeucoila-Mann- 
chen schlupfen nach 
Erste Pseudeucoila-Weib- 
chen schlupfen nach . 
Letzte Wespen schlupfen 


nach 
Minimale Entwicklungs- 


dauer von Pseudeucoila bis 
zur Vollarve 
von Vollarve-Nymphe 

von Nymphe-pigmentierte 
Imago . 
von pigment. Imago- 
Schlupfen 


heit, da sowohl die Entwicklung des Wirtes als auch die des Parasiten nicht 
mehr ungestort ablaufen konnen. Die meisten Wirte starben schon als Larven 
ab, nur 13 verpuppten sich, aber nur eine Drosophila und ein Pseudeucoila- 
Mannchen kamen noch zum Schlipfen. Dieses Mannchen schlupfte aber erst, 
nachdem der Versuch nach 90 Tagen abgebrochen und die Zucht bei Zimmer- 
temperatur (20°) weitergefuhrt wurde. Ein zweites Mannchen bewegte sich 
im Wirtspuparium bis zum 100. Tage ohne zu schlupfen. 

Von 13°C an aufwarts verlauft die Entwicklung von Wirt und Parasit 
ungestort bis gegen 27° C. Dann beginnen sich Storungen als I’o'ge der hohen 
Temperatur zu zeigen. Die minimale Entwicklungsdauer von 17 Tagen fur 
Wespenmannchen bei 24—25° C wird nicht mehr erreicht. Bei 30° C entwickeln 
sich keine Parasiten mehr, und es sind weder Puppen noch Larven davon 
feststellbar. Sie sterben offenbar sehr frith im Innern des Wirtes ab, der 
aber der Parasitierung trotzdem erliegt (S. 233). 

Alle Versuche zeigen, dass die Zeitspanne, wahrend welcher die Nachzucht 
schlupft, immer bedeutend langer ist als diejenige der Eiablage durch die 
Eltern. Wenn die Eiablage im Versuche 24 Stunden lang moglich war, schlupf- 
ten Wespen, die sich aus der Zucht entwickelten, bei 25° C wahrend 5 Tagen, 
bei 13° wahrend 12 Tagen. Daraus geht hervor, dass man bei der l’estlegung 
einer fur eine bestimmte Temperatur normalen Entwicklungsdauer sich nicht 
nur auf die minimale Dauer stiitzen darf. Die Entwicklungsdauer zeigt indivi- 
duelle Schwankungen, die innerhalb bestimmter Grenzen als normal bezeichnet 


1 Funf letzte Tage bei Zimmertemperatur. 
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werden mussen. Es zeigt sich z.B. bei 25°, dass die ersten Mannchen wohl 
schon am 17. Tage nach der Eiablage schliipfen, die Hauptmasse aber erst 
am 18. und 19. Tage. Es wird deshalb zweckmissig sein, bei der Entwicklungs- 

r das Schlupfen der ersten und der Hauptmasse anzugeben, sowie den 
letzten normalen Schlupftermin. Dieser kann berechnet werden, indem man die 
Zeitspanne zwischen dem Schlipfen der ersten und dem der Hauptmasse noch 
einmal hinzuzahlt. Zahlenmassig kann dies z.B. fiir eine Zuchttemperatur von 

C so ausgedruckt werden: 17,8 Tage + 1,3 Tage fiir Mannchen. Erst 
was noch spater schlupft, zeigt eine Verz6gerung der Entwicklung. Fur jede 
Temperatur muss dies gesondert bestimmt werden. 

Wie ich in verschiedenen Zuchten feststellte, kann die Entwicklungsdauer 
gelegentlich sehr viel langer sein, bei 25° bis 28 Tage fiir beide Geschlechter. 
Wespen, die sich langsamer als normal entwickeln, habe ich als N ach- 
zugler (S. 214) bezeichnet. Solche treten in jeder Zucht auf, allerdings bei 
geringer Populationsdichte des Wirtes viel seltener als in tibervolkerten Zuch- 

nit kann diese Erscheinung zum Teil wenigstens auf Nahrungsmangel 
irt zuruckgefuhrt werden, da sich dieser verspatet verpuppt. 

Nach dem Prozentsatz der auftretenden Nachzitgler 
kann auf die Zuchtbedingungen rickgeschlossen wer- 
den, was bei Experimenten (Kontrollen) sehr wichtig sein kann zur Ver- 
meidung falscher Schliisse. In zehn kontrollierten Flaschenzuchten entwickel- 
ten sich z.B. von total 1764 Wespen 28,2 % als Nachziigler (9,8—63,8 %). 
Dieser Prozentsatz ist sehr hoch, wie ein Vergleich mit den Zuchtergebnissen 
in einer grossen Zuchtschale mit annahernd optimalen Bedingungen zeigt. 

Zucht entwickelten sich von 518 Individuen nur 13 oder 2,5 % als 

Dieser Vergleich zeigt, dass Ergebnisse aus Flaschenzuchten mit 

Vorsicht zu bewerten sind, besonders weil in Zuchten mit vielen 
Nachzuglern auch immer ein grésserer Prozentsatz von Wespen vor dem 
Schlupfen abstirbt. In einer guten Zucht sollte der Prozentsatz an Nach- 


zugler © nicht ubersteigen. 


Auf die Lebensdauer der Imago. 


maximale Lebensdauer der Imagines konnte bei 25°C 
mit 11 Tagen fur beide Geschlechter festgestellt werden. 

DRI (1941) gibt fur Alysia manducator fir die Mannchen eine Lebens- 
Imago von maximal 23 Tagen an, im Durchschnitt 12,6 Tage, fir 
ibchen von 28 Tagen, resp. 13,7. Alysia ist allerdings etwas grosser als 
ila. Merkwurdigerweise gibt er an, die Lebensdauer sei von der 


Temperatur unabhangig, was kaum richtig sein kann. Ich fand fir Pseud- 


eucoila eine wesentliche Verlangerung der Lebensdauer bei tiefen Temperaturen. 


Die langste festgestellte Lebensdauer erreichte ein Weibchen mit 31 Tagen 
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bei einer Durchschnittstemperatur von 13,8° C (11,6°—16,1°). Seine Nach- 


kommen schlupften aber erst 68 Tage nach seinem Tode. Bei 25° 


schlupfen 
die ersten Mannchen nach 17—18 Tagen (S. 231), die Weibchen nach 19—20 
Tagen (Lebensdauer 11 Tage). Die Generationen tberlappen 


sich also nie. 


D. Auf das Geschlechtsverhaltnis. 


Bei der ublicherweise angewandten Zuchttemperatur von 25° C wurde in 


Ilaschenzuchten ein Geschlechtsverhaltnis von 1,7 Mannchen zu 1 Weibchen 
herausgefunden (S. 218). Da die hier zu besprechenden Temperaturversuche 
mit vielen Weibchen pro Zucht durchgefthrt wurden, kann das daraus resul- 
tierende Geschlechtsverhaltnis mit dem oben erwahnten verglichen werden 
(Bei ,,Ein-Weibchen-Versuchen verschiebt sich das Geschlechtsverhaltnis 
etwas zugunsten der Weibchen, S. 219). 

Die in Tab. 11 zusammengestellten Resultate zeigen, dass das Geschlechts- 
verhaltnis bei Temperaturen von 13—21° C dem aus den Flaschenzuchten er- 
haltenen (63 % Mannchen) entspricht. Bei 27° tritt ein deutliches Absinken 
der Parasitenzahl und eine Verschiebung zugunsten der Weibchen auf. Is ist 


TAB. 11. Geschlechtsverhaltnis der Parasiten bei ver- 
schiedenen Zuchttemperaturen. 


| e | Total Parasiten Prozent Mannchen | 
| 13 126 68 | 
16 142 60 
18 70 58 | 
| 21 126 60 
27 37 22 


moglich, dass die Ausfalle bei hohen Temperaturen die Mannchen starker 
betreffen, doch sind die erhaltenen Zahlen zur Auswertung zu_ klein. 
Die Temperatur bei der Eiablage scheint auf das 
Geschlechtsverhaltnis der Nachzucht keinen Einfluss 
zu haben, dh. es konnte nicht nachgewiesen werden, ob bei tiefer 
Temperatur etwa weniger befruchtete oder unbefruchtete Eier gelegt werden 
als bei hoher. 


2, DIE UNTERSCHIEDLICHE EMPFINDLICHKEIT AUF HOHE TEMPERA- 
TUREN BEI WIRT UND PARASIT. 


Als Ergebnis aus parasitierten Zuchten ware zu erwarten, dass sich ent- 
weder eine Iliege oder eine Wespe in einem Puparium entwickelt und schliipft, 
Ausfalle treten jedoch meistens auf. Betrachten wir diese, wie sie in 


dem auf S. 229 angegebenen Temperaturversuch aufgetreten sind (Abb. 16), 
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% Drosophilae geschlupft Ausfalle 


Parasiten n Total Wirtspuppen 


\bb. 16. Prozentanteil der geschlupften Wirte, der auftretenden Parasiten und der Aus- 
falle aus Versuchen mit verschiedener Zuchttemperatur. 


so fallt sofort deren gewaltiges Ansteigen bei den hohen Tem- 
peraturen auf, sowie das Absinken der Zahl der sich 
entwickelnden Parasiten auf Null. 

Der Versuch bei 30° wurde noch durch zwei weitere (II u. III) erganzt. 
Da alle Zuchten unter denselben Bedingungen infiziert wurden, ist anzuneh- 
men, dass der Parasitierungsgrad bei allen Versuchen annahernd derselbe war. 
Die Parasiten sind aber bei 30°C alle umgekommen 
und unter den Ausfallen zu suchen. Es scheint, dass die 
Wespen in ihrer Entwicklung gehemmt werden, bei der noch leicht gesteigerten 
I:ntwicklungsgeschwindigkeit des Wirtes nicht mehr mitkommen und als Lar- 
ven in der zur volligen Metamorphose gelangenden Fliege absterben; diese 


stirbt aber ebenfalls. 


In der kritischen Temperaturzone (27°C und hodher) musste nach dem 


eben gezogenen Schluss die Zahl der Parasiten plus Ausfalle zusammen unge- 
fahr der Parasitenzahl bei tieferen Temperaturen entsprechen. Dies ist auch 
tatsachlich der Fall, wie Abb. 16 zeigt. 

Ob bei hohen Zuchttemperaturen die Ausfalle bei Drosophila ohnehin gros- 
ser werden, wurde bei Kontrollen untersucht. Es ist nicht in bedeutungs- 
vollem Masse der Fall. Dies zeigen auch die Prozentsatze der in allen Ver- 
suchen geschlupften Fliegen. 

Wir stellen also einen deutlichen Temperatureffekt fest. Hohere 


Zuchttemperaturen (27°C und héher) hemmen die Ent- 
wicklung des Parasiten, sodass nur noch ein kleiner Prozent- 


satz bezw. gar keine Parasiten mehr zur fertigen Entwicklung gelangen, wah- 
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rend unter gleichen Temperaturbedingungen noch ein hoher Prozentsatz der 
Fliegen schlipft. 

Im Folgenden soll dieser Temperatureffekt genauer analysiert werden. Vier 
grossere Zuchtschalen mit mehreren Hundert 1—3 Tage alten Fliegenlarven 
wurden 24 Stunden lang 5—8 Wespen ausgesetzt. Darauf wurden diese 
Zuchten im Thermostaten bei 23,5, 25, 26 und 27,5° C Durchschnittstemperatur 
gehalten und das Zuchtergebnis mit allen Ausfallen genau kontrolliert. Tab. 12 
wiedergibt die Versuchsresultate. 


TAB. 12. Zuchtergebnisse im Temperaturbereich von 23,5—27,5° C. 


Versuche bei I 
23,5 25 26 27,5 
dex Wirtspuppen . . 664 876 633 | 989 
% Fliegen geschliipft ............{ 75 84 80 | 78 
% Parasiten in Entwicklung ........ 17 8 8 5 
% Ausfalle ,ohne feststellbaren Parasiten“ . . 8 8 12 17 
% Ausfalle ,,mit festgestelltem Parasiten“ (in 
Erste Parasitenmannchen schliipfen nach . . . 18 18 | 17 | 17! Tagen 
Erste Parasitenweibchen schlipfen nach .. . | 20 19 | io | 19 2 


Die Ausfalle wurden in diesen Versuchen genau untersucht und auf- 
geteilt in solche ,,mit festgestelltem Parasiten‘‘ und solche ,,ohne feststellbaren 
Parasiten. Betrachten wir die Resultate (Tab. 12), so stellen wir bei den 
Versuchen von I—IV eine Zunahme der Ausfalle ,,ohne feststellbaren Para- 
siten‘’ bei zunehmender Temperatur auf das Doppelte fest, die parallel zu einer 
Abnahme der ,,Parasiten in Entwicklung‘ um zwei Drittel geht. Die Ausfalle 
mit festgestelltem Parasiten‘‘ nehmen sehr stark zu mit steigender Tempera- 
tur. Die Zahl der noch zum Schlupfen gelangenden Wespen nimmt infolge- 
dessen sehr stark ab. Bei den Ausfallen ,,ohne feststellbaren Parasiten“ darf, 
wie schon erwahnt, angenommen werden, dass ein Teil davon auch noch 
parasitiert war, dass der Parasit aber in einem friihen Stadium im Innern des 
Wirtes abgestorben ist und dadurch den Tod des Wirtes herbeigefuhrt hat. 

Die mit zunehmender Temperatur gleitende Abnahme der Zahl der noch 
zum Schlipfen gelangenden Wespen und die auf verschiedene Entwicklungs- 
stadien verteilten Ausfalle deuten darauf hin, dass hohe Temperaturen offen- 
bar nicht auf ein bestimmtes Entwicklungsstadium des Parasiten cinwirken. 
Die Entwicklung wird im Ganzen gehemmt und etwas verlangsamt, wie dies 
das leichte Ansteigen der Entwicklungsdauer bei Versuch IV schon andeutet. 
Damit wird offenbar die Harmonie zwischen Entwicklungsgeschwindigkeit 
des Wirtes und des Parasiten entscheidend gestort. Der Parasit vermag 
bei der noch leicht gesteigerten Entwicklungsgeschwindigkeit des Wirtes das 


1 4—i1 Stunden nach ITI. 
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Stadium, welches bei der Verpuppung des Wirtes erreicht sein sollte, um 
durchzukommen, immer seltener zu erreichen. Der Wirt gelangt dadurch uber 
das Stadium (Histolyse), wahrend welchem er vom Parasiten normalerweise 
restlos aufgezehrt wird, hinaus bis zur Bildung der Imago und stirbt dann 
allerdings ab. Bei 30° C gelingt es einem Parasiten uberhaupt nie mehr, sich 
voll zu entwickeln. Alle gehen zugrunde (Abb. 16). 


3. EINFLUSS EXTREMER TEMPERATUREN AUF VERSCHIEDENE ENT- 
WICKLUNGSSTADIEN DES PARASITEN. 


A. Einfluss hoher Temperatur. 


Wie im vorhergehenden Kapitel ausgefthrt worden ist, hemmt hohe Tem- 
peratur (27° C und hoher) die Entwicklung des Parasiten. Indem verschiedene 
I-ntwicklungsstadien des Parasiten verschieden lang 30° C ausgesetzt wurden, 
konnte untersucht werden, ob ein temperaturempfindliches Entwicklungsstadium 
die Verzogerung verursache. Pro Versuch wurden immer mehrere Hundert 
Tiere verwendet. Vor und nach der Exposition in 30° C wurden die Zuchten 
1 25° C gehalten. Tab. 13 zeigt die Resultate. 

Die gehauft auftretenden ,,verspateten’* Parasitenlarven (S. 213) sind nicht 

‘auf eine Verzogerung der Entwicklung durch Einfluss von hoher Tem- 


peratur zuruckzufuhren, wie dies aus der minimalen Entwicklungszeit der Para- 
siten bis zum Schlupfen hervorgeht. Die leichte Beschleunigung der Droso- 
phila-l-ntwicklung und das zum Teil schon etwas vorgeriickte Alter (3 Tage 

Infektion) der vorgesetzten Wirtslarven koénnen ebenfalls zur Bildung 


her ,,verspateter** Larven fuhren, auch in Normalzuchten bei 25°, wie 
die Kontrolie (K in Tab. 13) zeigt. Von Versuch VI an allerdings wird die 
Verspatung allgemein, alle Parasitenlarven sind ,,verspatet’’, und es ist nun 
eine echte Verspatung, wie die in Tab. 13 angefithrten Entwicklungszeiten 
igen. Die Entwicklung wird offensichtlich nur wahrend der Expo- 

in hoherer Temperatur gehemmt, eine Nachwirkung ist nicht fest- 

lIbar. Ikinzig bei Versuch XII mit 120-stiindiger Exposition in 30° C kommt 


s zu einer Dauerschadigung. Die Entwicklungsdauer verzogert sich bis zum 


Auftreten der Vollarve von 7 auf maximal 15 Tage. Die Parasiten vermogen 


sich nach der 5-tatigen Exposition in 30° C nur in seltenen Fallen und mit 
-tagiger Verspatung auf die Kontrollen noch bis zur Puppe zu entwickeln und 
sterben dann ab. Die meisten sterben aber schon in einem fruheren Stadium. 
Vollarven und Puppen des Parasiten ertragen 30° C wahrend langerer Zeit 
ebenfalls nicht. Die Entwicklung geht im besten Falle noch neun Tage weiter 
bis zur vollen Pigmentierung der Imago. Zum Schlupfen kommt es nie, alle 


sterben ab. 


Temperaturschadigung besonders empfind- 
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liches Larvenstadium konnte nicht nachgewiesen 
d en. 

Betrachten wir die Zahlen der Ausfalle (Tab. 13), so fallt von Ver- 
such VIII an auf, wie stark die Zahl an nicht geschlipften Drosophilae, die 
als Imagines in ihren Puparien abgestorben sind, zunimmt. Parallel dazu 
verlauft die Abnahme der Parasiten bis auf Null. Dies ist eine Feststellung, 
die schon in den vorgangig besprochenen Temperaturversuchen gemacht wor- 
den ist (Abb. 16, S. 234). In den Kontrollen, die den Versuchen I—XII ent- 
sprechen, in denen also auch die Fliegenlarven nur ktirzere Zeit 30° C aus- 
gesetzt waren, traten aber gar keine grosseren Ausfalle an Drosophilae als 
in Normalzuchten auf. Die Zunahme der Ausfalle ist also 
auf Parasitierung zurtickzuftthren. Es darf deshalb die 
Vermutung ausgesprochen werden, dass die bei den Versuchen mit langerer 
kinwirkung von hoher Temperatur zu erwartenden, aber nicht auftretenden 
Parasiten in den als Imagines oder in jtingeren Entwicklungsstadien in den 
Puparien abgestorbenen Drosophilae stecken. Is ist dies eine Bestatigung der 
auf S. 235 besprochenen Versuche. Die abgestorbenen Parasiten lassen sich 
bei der Sektion der Wirtsleichen aber nicht mehr feststellen, da sie offenbar 
rasch zerfallen. 

Zusammenfassend stellen wir fest, dass die Entwicklung der jungen Para- 
sitenlarven umso starker verlangsamt wird, je langer diese hoher Temperatur 
ausgesetzt sind, wahrend die Fliegenentwicklung noch leicht beschleunigt wird. 
Die Parasiten haben bei geringer Dauer der Temperaturerhéhung zunachst noch 
eine Chance, als ,,verspatete’’ Larven mit der Entwicklung fertig zu wer- 
den und als Nachzugler mit Verspatungen bis zu zehn Tagen zu schlipfen. 
Bei langerer Einwirkung hoherer Temperatur gelingt dies nicht mehr, und 
schliesslich sterben die Parasiten schon als kleine Larven im Innern ihres Wir- 

infolge des in seinem Innern absterbenden und zerfallenden Para- 


siten ebenfalls zugrunde geht. 


Einfluss tiefer Temperaturen. 


kinige Hundert Drosophila-Larven wurden am ersten Tage nach der Para- 


sitierung 24 resp. 48 Stunden lang 8—8,5° C ausgesetzt. Darauf wurde die 


Temperatur im Laufe von 24 Stunden allmahlich wieder auf 25° erhdht und 


; 


lie beiden Zuchten bei dieser ublichen Zuchttemperatur weiter gezogen. In bei- 
len Experimenten fielen der Kalte ein Drittel bis ein Viertel der Fliegenlarven 
wahrend oder kurz nach der Exposition zum Opfer. Tab. 14 orientiert tber 
das Schicksal der nicht als Larven abgestorbenen Versuchstiere. 

Bei Versuch I traten nur wenige Parasiten als ,,verspatete’’ auf (S. 213), 
im’ Versuch II aber fast alle, und die Ausfalle sind bedeutend hoher (75 % 


gegenuber 12 %¢ bei 1). In diesen Versuchen fallt nun die Beschleunigung der 
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TAB. 14. Einfluss tiefer Temperatur (8° C) auf die Entwicklung von Pseud- 
eucoila. 


I I] 


Versuche 2ghin8°C | 48hin8°C 


pam Ger Versuchstiete . 166 
% Drosophilae geschlupft ..... ea 21 
Ausfalle ,,ohne feststellbaren Parasiten“ 9 
% Ausfalle ,mit festgestelltem Parasiten“ . te) 
% Parasiten geschlupft .... 70 
Entwicklungszeit der Pse 


Drosophila-Entwicklung dahin. Durch die Kalte werden jedoch nicht beide 
Organismen, Wirt und Parasit, gleich stark in ihrer Entwicklung beeinflusst, 
d.h. gehemmt. Aus der Zahl der ,,verspateten“ Larven und der Grosse der 
Ausfalle ergibt sich, dass nach 24-stiindiger Exposition noch keine differente 
Wirkung fiir Wirt und Parasit feststellbar wird, nach 48-stundiger ist sie 
aber sehr deutlich. 


C. Schlussfolgerung. 


Jedem Organismus sind durch hohe und tiefe Temperaturen Existenz-Gren- 
zen gesetzt, diese bedingen zum Teil seine geographische Verbreitung. Es ist 
moglich, dass Pseudeucoila bochei der fur sie entwicklungshemmenden Ten- 
denz hoherer Temperaturen wegen vom tropischen, vielleicht schon vom sub- 
tropischen Gebiet als Parasit von Drosophila melanogaster ausgeschlossen ist. 
Kine [Entwicklung in warmeren Zonen ware denkbar, wenn eine andere Droso- 
phila-Art mit etwas langerer Entwicklungszeit als Wirt benutzt werden konnte. 
Wir durften dann im zoogeographischen Sinne von einem vikarierenden Wirte 
sprechen. Es ware allerdings noch zu untersuchen, ob Pseudeucoila auf den 
grosseren Drosophila-Arten, die eine etwas langere Entwicklungszeit als 


Drosophila melanogaster aufweisen (S. 193), bei Temperaturen von 27° und 


daruber ihre Entwicklung normal beenden konnte. Wie Zuchtversuche mit 
Vollarven und Puppen des Parasiten bei 30° C zeigen (S. 236), ist allerdings 
eine volle Entwicklung schon bei 30°C ausgeschlossen. Immerhin ist die 
Spanne von 27—30° C noch gross genug, um Pseudeucoila noch Lebensmog- 
lichkeiten zu bieten. Nur 1° Differenz in der Durchschnittstemperatur vermag 
schon uber Leben- oder Nichtlebenkénnen zu entscheiden. Auch bei uns in 
der Schweiz dirfte die Entwicklung von Pseudeucoila bochei in heissen Som- 
mern gelegentlich gestort werden. Es muss aber beigefiigt werden, dass das 
Milieu im Thermostaten nicht ohne weiteres dem der freien Natur gleich- 
gesetzt werden darf (Luftfeuchtigkeit, Substrat). Drosophila melanogaster 
zeigt aber auf alle Falle eine um einige Grade grossere Temperaturspanne, 
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innerhalb welcher sie zu gedeihen vermag, als Pseudeucoila bochei, deren nor- 
male Entwicklungsmoéglichkeiten zwischen 13 und 26° C liegen mit einem 
Optimum zwischen 18—22° C (S. 229). Der Parasit ist also in Bezug auf Tem- 


peratureinfliisse nicht vollig auf den Wirt Drosophila melanogaster abgestimmt. 


MUTATIONEN VON PSEUDEUCOILA BOCHEI WE vp. 


Die Nachkommen vieler Zuchten wurden unter der Binokularlupe unter- 
sucht auf auffallige Veranderungen in Bezug auf Farbe und Gestalt. Von den 
10.000 kontrollierten Tieren zeigten in einem Falle ca. 40 Mannchen 
1 ein Weibchen einer Zucht unregelmassig verkriimmte Fuhler, sodass deren 
mentzahl nicht genau festgestellt werden konnte. Die meisten dieser Tiere 
starben im Puparium ab. Die Lebenden wurden weiter geztchtet, bei ihren 
wieder normale Fuhler erhalten. Vereinzelt traten in andern 
Zuchtilaschen auch solche Tiere auf; die Eigenschaft konnte aber nie genetisch 
gefasst werden. Herr Priv.-Doz. Dr. H. GLoor, Zurich, der mir, wie er- 
wahnt, dieses Wespenmaterial zur Untersuchung utberlassen hat, hatte seiner- 
zeit ebenfalls in einer Zucht Tiere mit veranderter Fuhlerform erhalten. Aller- 
dings erschienen jene regelmassig in bestimmter Weise verbogen. Auch hat 
sich diese Eigenschaft etwa sechs Generationen lang erhalten. 
Spontane auffallige Mutationen (Farb- und Gestaltsveranderungen) sind 
bei Pseudeucoila bochei sehr selten, die Erbsubstanz scheint sehr 


R. Miranr (1947) kommt fur eine andere auf Drosophila 


gaster parasitierende Hymenoptere Pachineuron vindemmiae zur selben 


lung. Darin unterscheidet sich Pseudeucoila bochei wesentlich von den 
Habrobracon-Arten, die von WuitinG (Viele Arbeiten, 1918 bis heute) u. a. 
genetisch eingehend untersucht werden konnten dank der aufgetretenen Muta- 


tionen. 


VII. VERGLEICH MIT PHAENOCARPA TABIDA Nees., EINER 
BRACONIDE ALS LARVENPARASIT VON DROSOPHILA 
MELANOGASTER. 


haenocarpa tabida NEEs. ist eine kleine, kaum 2 mm lange Braconide, die 
‘r freien Natur haufig als Larvenparasit einiger Drosophiliden auftritt. 
lasst sie sich nicht so leicht wie Pseudeucoila zuchten. Die Zahl der 


- als die der angesetzten Eltern. Gegen den Winter treten zudem trotz 
leichmassig hoher Temperatur im Thermostaten die meisten Larven 


ihrer Verpuppung in Diapause. unterscheidet sie 
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von Pseudeucoila, bei der ich eine Diapause ttberhaupt nicht beobachten konnte. 


Die Entwicklungszeiten werden dadurch auf viele Wochen ausgedehnt. Nur 


wenige E:xémplare entwickelten sich jeweilen ohne Diapause und schliipften 
nach 17—18 Tagen bei 25° 

CauprRI (1941) vermag bei der Braconide Alysia manducator die Entwick- 
lungszeit ebenfalls nicht genau zu fassen. Er zitiert folgende von fritheren 
Autoren festgestellte Entwicklungszeiten in Tagen: GRAHAM 25—95, ALTSON 
33—52, MYERS 35—95 (typisch 41), MorGAn 35—65. Er selber fand 33—90 
(typisch 4o—50) Tage. Bei all diesen Daten fehlen aber die Temperatur- 
angaben; von alteren Autoren wurden nach Caupri Temperatureinfliisse auf 
die Entwicklungszeit vollig in Abrede gestellt. Die Schwierigkeit besteht auch 
bei Alysia darin, dass sie im letzten Larvenstadium in Diapause verharren 
kann. CAupRI vermutet, dass den verschieden langen Entwicklungszeiten Erb- 
faktoren zugrunde liegen, da aus Zuchten der gleichen Eltern bei gleichen 
Bedingungen die Entwicklungszeiten ganz verschieden herauskommen. Fs 
musste somit modglich sein, Stamme mit langerer Diapause oder solche ohne 
eine solche zu ztchten. 

ur unsere Phaenocarpa trifft diese Tatsache der individuell verschiedenen 
Entwicklungszeiten in einer Zucht vollig zu. Es soll hier aber nicht weiter 
darauf eingegangen werden. Da die Diapause je nach Individuum verschieden 
lang dauerte, wurde es im Winter jedesmal unmoglich, genugend Tiere fur 
eine weitere Zucht zu erhalten. Warme, Kalte, Feuchtigkeit und Trockenheit 
hatten keinen Einfluss auf die Dauer der Diapause. Mit intensiver 
Belichtung (gleichzeitig Warme) konnte in einem Ver- 
suche die Diapause beendet und die Weiterentwick- 
lung angeregt werden. 

Kinige Daten uber ihre Entwicklung konnten aber doch festgestellt werden. 
So schlupften die ersten Nachkommen, wie erwahnt, bei einer Zuchttem- 
peratur von 25°C am 17. Tage nach der Eiablage, und zwar beide Ge- 
schlechter gleichzeitig. Wie bei Pseudeucoila bochei entwickelt 
sich bei Phaenocarpa tabida ebenfalls nur ein Parasit pro Wirt 
zur fertigen Imago. Diese benttzt aber beim Schlupfen als Aus- 
gangspforte den Deckel des Drosophilapupariums, beisst also kein Loch aus 
der Puparienwand heraus wie die Cynipide Pseudeucoila. Allerdings konnte 
ich auch nie ein Tier beobachten, das in ,,verkehrter“ Lage im Wirtspuparium 
lag, wahrend diese ,,verkehrte’’ Stellung, also Kopf nach hinten, bei Pseud- 
eucoila in rund 2 % in den Zuchten gefunden werden konnte (S. 207). Die Kier 
von Phaenocarpa sind viel kleiner als diejenigen von Pseudeucoila. Es sind 
Scheibchen mit einer Verdickung gegen die Mitte zu und messen ca. 100 u 
im Durchmesser. Sie werden offenbar recht haufig in grosserer Zahl in die 
Wirtslarven abgelegt, wie dies Sektionsbefunde zeigten. Die durch Phaeno- 


carpa parasitierten Wirtspuparien kénnen von denen, die durch Pseudeucoila 
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parasitiert sind, nach einigen Tagen der Entwicklung leicht unterschieden wer- 
sie sich deutlich dunkler farben. 
interessierte mich vor allem, ob Phaenocarpa bei Uberinfektion den- 


Verschiebung des Geschlechtsverhaltnisses zugunsten der 


Weibchen zeige wie Pseudeucoila. Leider verhinderten die ungunstigen Zucht- 


resultate eine klare, statistisch gesicherte leststellung. Hingegen zeigten Sek- 

tionen von Wirtslarven, dass in den Zuchtflaschen ibe rinfiziert wird 

und zwar sehr massiv, enthielten doch viele Wirtslarven Dutzende von Eiern 

lltes Maximum 43), z. T. in ganzen Klumpen beisammen, was auf 

eleichzeitig erfolgte Ablage durch dasselbe Weibchen schliessen lasst. 

wiederum eine Erscheinung, die ich bei Pseudeucoila nie feststellen 

Diese massive Beschickung mit Eiern erscheint mir allerdings un- 

Vielleicht ist sie auf die ..Gefangenschaft*S zurtiickzuftihren und ist 

rweise schuld daran, das die Zuchten nicht geraten. [es ist auch mog- 

lich, dass eine Verzégerung der Eiablage zu dieser Massierung der Fier fuhrt, 

denn Phavnocarpa-Weibchen, die zum zweiten Male zur Kiablage kamen, legten 

pro Wirtslarve nur noch 1—3 Eier ab. Die Zahl der im Ovar vor- 

1denen Ejier scheint bei Braconiden allgemein hoher zu sein als bet 

iden ahnlicher Kérpergréssen. Diese -rscheinung wird mit der [igrosse 

Fur die Braconide Alysia manducator fand G. SMITH im 

“ier, ALTSON 325—416 (beide zitiert nach CAUDRI 1941), 

Zahl der Kier bei Pseudeucoila auf hochstens 300 schatze. 

ist auch die Eibildung bei Phaenocarpa nach dem Schlupfen 

abgeschlossen, wahrend sie fiir die Cynipiden, also auch fur 

als abgeschlossen gilt (FRUHAUF 1923). Eine Verteilung der 

Larven in der Weise, wie sie fur Pseudeucoila festgestellt werden 

S. 191), wurde bei Phaenocarpa nie beobachtet. In den Zuchten fan- 

den sich regelmassig neben einer grOsseren Anzahl massiv uberinfizierter 
Wirtslarven noch sehr viele nicht infizierte vor. 

Ich konnte nicht mit Sicherheit feststellen, ob die Fliegen der Gattung 
Drosophila und insbesondere der Art Drosophila melanogaster Hauptwirte oder 
nur Gelegenheitswirte von Phaenocarpa tabida sind. Die Beobachtung, dass 
Phaenocarpa in Drosophila-Fangflaschen viel haufiger gefangen worden ist 


k6nnte allerdings zur Annahme verleiten, Drosophila me- 


fanogaster sei 


Konkurrenzversuch Phacnocarpa-Pseudeucoila. 


sich die Frage, ob Drosophila-Larven von beiden Parasiten zu- 
wurden, und welcher von beiden sich dann durchzusetzen ver- 
Is ware dies ein Fall von Multiparasitismus (S. 228). 


setzte in einer grossen Zuchtschale 70 [liegenlarven 40 Phaenocarpa- 
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und 20 Pseudeucoila-Weibchen aus. Beide Arten begannen sofort mit der [i- 
ablage. Aus der Versuchszucht und einer Kontrollzucht mit Phaecnocarpa allein 
wurden wahrend der ersten fiinf Tage von der Eiablage weg cine Anzahl 
Wirtslarven entnommen und seziert. 
Im Versuche waren die Phaenocarpa-Weibchen in der Uberzahl, ihre Lege- 
tatigkeit war viel intensiver, wie die folgenden Sektionsergebnisse vom 1. Tage 
nach erfolgter Kiablage zeigen (Tab. 15). 


TAB. 15. Eizahl von Phaenocarpa 
und Pseudeucoila pro Wirtslarve bei 
gleichzeitiger Infektion. 


Eier von | Phae. | Pseud. 


I. Larve 43 


Die Sektionsbefunde der fiinf folgenden Tage nach der Eiablage zeigten 
nun aber, dass bei Gegenwart eines Pseudeucoila-Keimes die Phaenocarpa- 
ier sich nicht entwickeln, wahrend die Entwicklung von Pseudeucoila normal 
vor sich geht. Wahrend schon am zweiten Tage nach der Eiablage Larven 
von Pseudeucoila gefunden wurden, konnten im Kontrollversuch mit Phaeno- 
carpa allein erst am vierten Tage nach erfolgter Eiablage die ersten Larven 
gefunden werden, ebenso in Wirtslarven des ,,konkurrenzversuches“, die von 
Pseudeucoila nicht infiziert worden waren. 

Kine grosse Zahl der Phaenocarpa-Eier aller Versuchsserien und Kontrollen 
wurden schon am zweiten Tage nach der Eiablage braunlich und dadurch 
undurchsichtig. Ob es sich hierbei um eine vom Wirte verursachte Kapsel- 
bildung handelt, wurde nicht naher untersucht. Es konnte sich aber nach den 
Feststellungen von SCHNEIDER (1950) an den Eiern der Schlupfwespe Di- 
plazon fissorius in der Schwebfliege Epistrophe balteata um eine Abwehr- 


reaktion des Wirtstieres gegenuber seinem Parasiten handeln. Die dunne, zahe, 


braune und kernlose Kapsel wird nach Schneider durch eine Lymphozyten- 


anlagerung an die Eischale hervorgerufen. Die Embryonalentwicklung wird 
dadurch in der Regel nicht unterbunden, hingegen vermogen die Larven nicht 
mehr aus der Schale zu schlupfen. Ob die Abwehrreaktion in altern Wirts- 
larven rascher und ausgiebiger erfolgt, wurde fur Phaenocarpa nicht unter- 
sucht. Die lange Embryonalentwicklung von Phaenocarpa (die Larven schlupfen 
bei 25° C wie erwahnt erst am vierten Tage nach der Eiablage) wirkt sich 
ungunstig aus fur den Parasiten, da die Kapselbildung schon am zweiten 
Tage erfolgt. Bei Pseudeucoila konnte nie etwas Ahnliches konstatiert werden. 
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sind bedeutend grosser, und die Larven schlupfen schon am zweiten 

‘age nach erfolgter Eiablage. Ein Zusammenhang zwischen Zahl der Eier pro 
und Kapselbildung konnte nicht gefunden werden. SCHNEIDER (1950) 

fur Liplason fissorius in Epistrophe balteata an, dass bei grosser Eizahl 


pro Wirt die Kapselbildung luckenhaft werde und dadurch dem Parasiten 


eine Chance entstehe, dass also der Parasitierungserfolg dadurch steige. Diese 


braunlichen lier oder Kiklumpen von Phaenocarpa konnen in der lebenden 
Wirtslarve ohne weiteres beobachtet werden, wie sie von der Hamolymphe 
Wie unregelmassig diese Kapselbildung erfolgt, sollen einige 


ktionsbefunde aus verschiedenen Zuchten zeigen. 


‘rgebnisse au larven, infiziert durch Phaeno- 


ca 


Larven 
lebend 


16 zusammengestellten Sektionsergebnissen wird ersicht- 
lIbaren Grund alle Phaenocarpa-Eier absterben oder aber 
ler di gar alle zur Entwicklung gelangen konnen. In 

- lebe der te Larve aber ke bra liche 

nden sich nur lebende oder tote Larven, aber keine braunlichen 


liche Kapselbildung hangt keineswegs mit dem Vorhandensein 
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eines andersartigen Parasitenkeimes zusammen. Auch ist nicht sicher, ob die 
von braunlichen Kapseln eingehiillten Eier auch tot sind. Leere briunliche 
Hullen konnten allerdings keine gefunden werden. Die Reduktion der Para- 
sitenlarven auf eine pro Wirt ist am fiinften Tage nach erfolgter Kiablage 
noch in voilem Gange. 


Von den 70 Wirtslarven des Konkurrenzversuches (S, 242) starben 3 ab, 


29 wurden seziert. Von diesen enthielten sechs nur Pseudeucoila-EKier oder 
-Larven und 14 nur Phaenocarpa-Fier oder -Larven, wihrend sieben beider- 
lei enthielten, wobei die Phaenocarpa-Keime offenbar im Ei abgestorben waren. 
Zwei Wirtslarven waren nicht infiziert. Von den 38 bei 25°C weiter ge- 
zuchteten Drosophila-Larven starben 13 im Puppenstadium ab, wihrend sich 
in funf Puparien Pseudeucoila-Imagines entwickelten und in zwanzig Puparien 
Larven von Phaenocarpa. Von diesen entwickelten sich 19 zu Vollarven und 
traten dann in Diapause, wahrend eine sich weiter entwickelte und am 17. Tage 
nach der Eiablage schliipfte ; es war ein Weibchen. 

Zusammenfassend stellen wir fest, dass unter Umstinden die Wirts- 
larven von beiden Parasiten, Pseudeucoila und Phaeno- 
carpa, zugleich infiziert werden, wobei Phaenocarpa viel 
massiver uberinfizieren kann als Pseudeucoila. Aus Versuchsanordnung und 
I'rgebnis ist jedoch zu schliessen, dass diese Doppelparasitierung nur kiinst- 
lich zustande gekommen ist durch die Massierung der eierlegenden Wespen 
auf relativ wenig. Wirtslarven. 

In Wirtslarven, die von beiden Parasitenarten mit 
Kiern beschickt worden waren, wurden immer nur 
diejenigen von Pseudeucoila in Entwicklung begrif- 
fen vorgefunden. Die Phaenocarpa-Eier waren immer braunlich 
eingekapselt, die Intwicklung war nie tiber das I:mbryonalstadium hinaus- 
gelangt. 

Als Grund fur das Unterliegen der Phaenocarpa-Keime mag, wie oben er- 
wahnt, von Bedeutung sein, dass die Pseudeucoila-Larve bei 25° C Zucht- 
temperatur schon am zweiten Tage nach der EKiablage aus den Eihillen schliipft, 
die Phaenocarpa-Larve aber offenbar immer erst am vierten Tage. Das Ab- 
sterben der Phaenocarpa-lier wird vermutlich durch Stoffe verursacht, die 
von der Pseudeucoila-Larve abgegeben werden (vielleicht im Zusammenhang 
mit der Elimination arteigener Konkurrenten), wahrend die braunliche Kapsel- 
bildung wahrscheinlich als Abwehrreaktion gegen Fremdkérper durch Wirts- 
stoffe gebildet wird. 

In diesem Zusammenhange sei hier noch ein von Caupri (1941) zitierter 
lall von Multiparasitismus erwahnt. Calliphora-Arten werden auch von einem 
I:ktoparasiten, einer Zehrwespe Mormoniella vitripennis 1938) para- 
sitiert. Bei Anwesenheit mehrerer Arten anderer Parasitenlarven (Braconide, 


Cynipide) in derselben Fliegenlarve gewinnt immer die Chalcidide Wormoniella. 
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IX. VORKOMMEN VON PSEUDEUCOILA BOCHEI UND PIITAENO- 
CARPA TABIDA IN DER SCHWEIZ. 


1. PSEUDEUCOILA BOCHEI 


Das Ausgangsmaterial fur meine Untersuchungen habe ich, wie einleitend er- 
hnt worden ist, von Herrn P.-D. Dr. Hans Gioor, Zurich, erhalten. Diese 
\Wespen stammten von Fangen in ausgehingten Fangflaschen von As- 
Tessin) und Kulm (Aargau). Ich habe in den Sommern 1945 und 1946 
tlaschen mit Futter an verschiedenen Orten der Schweiz im_ Freien 
fhangen lassen. Dieses auf diese Weise gesammelte Material 
Thermostaten bei 25° C gehalten und die Nachzucht kontrolliert. 


ler grossen Mehrzahl der Flaschen erhielt ich nur Drosophilae. Das 


~ 


hzuchtergebnis aus parasitierten Flaschen war meistens gering, nur in 


alle erhielt ich aus einer Fangflasche mehr als Hundert Pseudeucoilae. 


angen kommen die Ergebnisse der grossangelegten Arbeit von 
1051) uber die Drosophila-Arten der Schweiz. Bei seinen langen 
lIten sich naturlich auch die Drosophila-Parasiten ein. Im Folgenden sind die 
dorte in alphabetischer Reihenfolge aufgefuhrt und auf Abb. 17 mit 
Kreisen eingetragen. 
liste: Ascona (Tessin), Baden (Aargau), Galmitz (Fribourg), 
\ppenzell), Kulm (Aargau), Liestal (Baselland), Nussbaumen 
Sarnen (Obwalden), Scherzingen (Thurgau), Zurich-Hongg. 
alle ange auf die Monate Mai bis Juli ver- 
labe in einem grossen Obstgarten in Zurich-H6ngg wahrend meh- 
die Beobachtung gemacht, dass sobald die ersten Obstsorten ( Pflau- 
zu reifen beginnen, die ausgehangten Iangflaschen ihre Anzie- 
ngskraft verlieren und zwar auch weitgehend ftir die Drosophila-Arten 
angftlaschen wurden jeweils vom April bis November ausgehangt. 
n wenigen Fundorten darf aber wohl geschlossen werden, dass 
hei WexLp in der Schweiz, wenn auch nicht gerade haufig, 


1 
vorl nm 
vVorkommt. 


2. PHAENOCARPA TABIDA Nees 


rpa tabida NEEs ist verglichen mit Pseudeucoila viel haufiger in 
ilaschen aufgetreten, wie die Fundortsliste zeigt. Auf Abb. 17 sind die 

it gewOohnlichen Kreisen angegeben. Die Fange erstrecken sich 
Monate Mai bis Oktober, Phaenocarpa ist also auch noch zur Zeit 


Dr. H. Burta, Zurich, den besten Dank aus. 
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Abb. 17. Fundorte von Pseudeucoila bochei Wetp (schwarze Kreise), von Phaenocarpa 
tabida Nees. (weisse Kreise) und von beiden zusammen (halb schwarz/weisse Kreise). 


der Obstreife in den Fangflaschen aufgetreten. Die Fundorte verteilen sich 
auf Hohenlagen von 200 m (Solduno) bis 1000 m (St. Cergue). 
Fundortliste: Baden (Aargau), Belp (Bern), Brienzwiler (Bern), Gal- 
mitz (Fribourg), Gross-Hochstetten (Bern), Ins (Bern), Knonau (Zurich), 
Langenthal (Bern), Leuk (Wallis), Linthal (Glarus), Moudon (Waadt), Oer- 
likon (Zurich), Russin (Genéve), Sarnen (Obwalden), Scherzingen (Thur- 
gau), Schiers (Graubtinden), Signau (Bern), Solduno (Tessin), St. Aubin 
(Neuenburg), St. Cergue (Waadt), Steg (Zurich), Wadenswil (Zurich), 
Zurich-Hongg und Zurich-Stadtgebiet. 


X. SCHLUSSZUSAMMENFASSUNG. 


1. Die vorliegende Arbeit beschaftigt sich mit der entomophagen Cynipide 
Pseudeucoila bochei Wrxp, die die Larven verschiedener Drosophila-Arten, 
auch die der Taufliege Drosophila melanogaster MeiG., als Wirte beniutzt. 
Is handelt sich um eine Art, die fur Europa noch nicht beschrieben wor- 


den ist, und deren Biologie nur teilweise von nordamerikanischen I*unden 


bekannt ist. Im Laufe der Untersuchungen stellte es sich heraus, dass die 
von Wextp (1944) fur Nordamerika beschriebene Art mit der von uns 
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untersuchten identisch ist, deshalb wird die Namengebung von WELD ver- 


wendet, 


ine Beschreibung mit verschiedenen Abbildungen von Pseudeucoila bochei, 


gewonnen an schweizerischem Material, enthalt die wesentlichen Merkmale. 


Die Zucht von Pseudeucoila bochei im Laboratorium auf Drosophila melano- 


Aus 


Antennenelit 


iese¢ Lokalisation hangt mit der Ste 


+ 


iis Wirt wird eingehend beschrieben. 


Kopulationsakt wird beschrieben. Die Mannchen vermogen die Weib- 


ittels ihrer Antennen zu erkennen. Werden die Antennen amputiert, 
keine Kopulation statt, offenbar weil die Rhinarien, die sich auf 


dern befinden, zur Orientierung notwendig sind. Eine 


Antenne jedoch genigt noch zum Erkennen eines Weibchens, cine 


findet statt. Die Verletzung bei der vollstandigen Amputation 


ennen ist fur das Ausbleiben der Kopulation nicht massgebend. 


Weibchen finden ihre Wirte durch geruchliche Orientierung. Fir die 


rung auf grossere Distanz ist der Geruch des Wirtslarvenfutters 
1d. Die Weibchen vermégen das Futter auch ohne Mithilfe der 


Dunkeln zu finden. Fur die Nahorientierung, d.h. fiir das Auf- 


n der Wirtslarven im Futterbrei, sind die Antennen massgebend, doch 


len. Weibchen mit vollig amputierten Antennen finden die Wirts- 


l'utter immer noch und belegen sie mit Eiern. Offenbar besitzen 
Chemorezeptoren an den Kiefertastern, wie dies ftir andere 


nachgewiesen ist. 


icoila bochei beginnt mit der Legetatigkeit sofort nach dem Schliip- 
auch wenn sie unbesamt geblieben ist. Obwohl sich in einer Wirts- 


nur ein Parasit voll zu entwickeln vermag, legen die Wespen 
nehrere Eier in ihren Wirt, besonders bei geringer Popula- 


hte desselben. Dieses Belegen einer Wirtslarve mit mehreren Eiern 


als Uberinfektion bezeichnet. In Versuchen wird festgestellt, dass die 


len Wespen schwach infizierte Wirtslarven von nicht infizierten 


nicht zu unterscheiden vermogen. [:rst stark mit Eiern belegte 
t n ehr beachtet. Die Sektion von Wirtslarven einer Zucht 


lass die Kier zufallsmassig auf alle Wirtslarven verteilt werden. 


fs Mal immer nur ein Ei abgelegt. Die Eier werden in 95 % 
lie Korperhohlen des hintern Drittels der Wirtslarven gefun- 
lung der Wirtslarven im 


en, die das Hinterende mit den Stigmen haufig an die Futter- 


ache strecken, wahrend der Vorderteil tief im [utter steckt. 


igt sich im Versuche, dass Pseudeucoila auch in abgetotete Wirts- 
ier legt, sofern diese im Futterbrei liegen. Als Abtotungsmittel werden 

| Ikrwarmung verwendet. Ebenso werden junge Calliphora- 
die auf Drosophila-Futter verbracht worden sind, von Pseud- 


rn belegt. Diese entwickeln sich zundchst weiter, sterben aber 
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vor Beendigung der Embryonalentwicklung ab. Diese Versuche zeigen, dass 
es nicht allein wirtsspezifische Stoffe sind, die die Wespen zur Eiablage 
stimulieren. 
Pseudeucoila bochei lasst sich im Laboratorium ausser auf Drosophila 
melanogaster auch auf den Arten funebris, littoralis und kydei leicht ziich- 
ten. Die Grosse der Parasiten aus diesen Wirten ist entsprechend der Wirts- 
grosse betrachtlicher. Ferner gelingt die Zucht auf Drosophila phalerata, 
busckii und subobscura, wenn auch weniger leicht als auf melanogaster. 
Die Entwicklungszeit des Parasiten scheint von der Entwicklungszeit des 
Wirtes abzuhangen. In Zuchten auf den grésseren Drosophila-Arten, deren 
Ientwickiungszeit einige Tage langer ist als diejenige von Drosophila melano- 
gaster, dauert die Entwicklung des Parasiten ebenfalls etwas langer als auf 
Drosophila melanogaster. Diese Verzogerung hangt mit der etwas spateren 
Verpuppung des Wirtes zusammen. 

kine Zucht auf einer andern liegengattung als Drosophila ist bis jetzt 
nicht gelungen.! In Mischpopulationen scheint keine Vorliebe fiir eine be- 
stimmte Drosophila-Art bestehen. 

Die Zucht auf lebensfahigen Mutanten von Drosophila melanogaster ge- 
lingt ohne weiteres. 
Die Entwicklung des Parasiten bei 25° C Zuchttemperatur wird genau 
beschrieben. Die Embryonalzeit dauert im Minimum 35— 4o Stunden, die 
larvale Entwicklung weitere 110 Stunden. Larvenstadien lassen sich nicht 
mit Sicherheit feststellen, da keine Hautungen beobachtet werden kénnen. 
Gestaltsveranderungen und Grossenzunahmen lassen aber den Schluss zu, 
dass es wahrscheinlich deren drei sind. Das Fi und die Larvenstadien im 
Alter von 48, 72, 96, 120, 144 und 168 Stunden nach der Eiablage sind 
abgebildet worden. Nach 400 Stunden, also am Ende des 17. Tages von der 
Iciablage an, beissen die ersten Mannchen ein Loch in das Wirtspuparium und 
schlupfen. Die ersten Weibchen erscheinen erst 35—40 Stunden spater, d.h. 
am 19. Tage nach der Eiablage. 

Da die Imagines bei 25° C maximal 11 Tage leben, kommt es zu keinem 
Uberlappen der Generationen. 
Der parasitierte Wirt verpuppt sich normal und gelangt mit der Entwick- 
lung bis zur Histolyse, bis zur Auflésung der larvalen Gewebe wiahrend 
der Metamorphose im Puparium. Dieses Stadium wird immer erreicht und 


ist offenbar von Wichtigkeit fur die Entwicklung des Parasiten. In letalen 


Drosophila-Mutanten (lgl und Itr), die sich nicht normal verpuppen, kommt 


der Parasit nicht zur vollen Entwicklung und stirbt ab. Verspatet sich der 
normale Wirt mit der Verpuppung 


g, z.B. infolge Futtermangel, so verspatet 
sich auch der Parasit mit seiner Entwicklung. 
Die Reduktion der Parasitenzahl in tberinfizierten Wirtslarven bis auf 


Inzvischen gelungen auf Zaprionus tuberosus. 
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t wahrend des ersten Larvenstadiums statt (72—96 Stunden 
nach Ejiablage bei 25°C). Die ausgeschiedenen Parasiten leben noch 
tagelang, entwickeln sich aber nicht mehr weiter, sie bleiben im ,,72 Stun- 
len*-Stadium stehen und sterben dann ab. Vermutlich ist eine auf Grund 
ausserer Veranderungen der Larvengestalt postulierte, aber nicht nach- 
gewiesene Hautung, also der Ubergang vom ersten ins zweite Larven- 
stadium entscheidend. Es wird vermutet, dass bei dieser Hautung Stoffe 


len Wirt abgegeben werden, die die Entwicklung der tibrigen, noch 
it entwickelten Parasiten blockiert. Die Elimination der Kon- 
rrenten geschieht also wahrscheinlich auf chemischem Wege. 

\lle drei Larvenstadien des Wirtes werden mit Eiern belegt, das dritte 
bei Gegenwart von jiingern Stadien allerdings selten. Eine Infektion im 
tadium fthrt haufig nicht mehr zum Erfolg; der Parasit wird 
ler Entwicklung nicht mehr rechtzeitig fertig, es entstehen  sog. 
rspatete’’ Parasitenlarven. Normalerweise gelangt der parasitierte Wirt 
bis zum Beginn der Metamorphose und wird wahrend der Histolyse der 
len Gewebe vom Parasiten vollig aufgezehrt. Beim Vorhandensein 
verspateter*’ Parasitenlarven gelangt jedoch der Wirt uber die Histolyse 


Imago, stirbt ab und mit ihm meistens auch 


Diese Zahl genugt nicht, um auf den Wirt 


eine effektive biologische Kontrolle auszuiiben, dessen optimale Reproduk- 


tionsrate, zudem bei halbsolanger Entwicklungszeit, rund 2000 betragt. 

Die Geschlechtsbestimmung erfolgt gleich wie bei vielen andern Hymeno 
pteren. Aus befruchteten Eiern entwickeln sich Weibchen, aus unbefruch- 

en Mannchen. 

Das in Zuchten auftretende Geschlechtsverhaltnis wird eingehend unter- 
sucht. Schon am ersten Imaginallebenstag werden befruchtete und unbe 
fruchtete Eier gelegt. Die Zahl der bei den Nachkommen auftretenden 
Mannchen schwankt sehr stark, namlich zwischen 20 und 80 in Einzel- 
zuchten. Im Durchschnitt treten in Einzelzuchten 44 Mannchen aut. 
In gewohnlichen Zuchtflaschen jedoch 63 “. Der Unterschied wird darauf 


1 1 


-t, dass in Zuchtflaschen immer mehrere Weibchen zur E1i- 
ablage angesetzt werden. Unbesamt gebliebene Weibchen konnen dabei das 
chlechtsverhaltnis zugunsten der Mannchen verschieben. Dieser [ffekt 
zeigt sich ubrigens in allen ,,Mehr-Weibchen‘‘-Zuchten. 

Bei Vorhandensein vieler Keime beiderlei Geschlechts in tberinfizierten 
Larven entwickelt sich immer ein Weibchen. In Zuchten mit starker Uber- 
infektion treten deshalb unter Umstanden uberhaupt nur noch Weibchen 
mmenschaft auf. Es besteht eine deutliche Korrelation zwi- 


schen dem Parasitierungsgrad einer Drosophila-Zucht und dem daraus re- 
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sultierenden Geschlechtsverhaltnis in der Nachkommenschaft der Parasiten. 
Je starker eine Zucht von Parasiten belegt worden ist, desto mehr Weib- 
chen treten in der Nachkommenschaft auf. 

Auf Grund von Sektionsbefunden und der Folgen der Uberinfektion 
konnen von einer Zucht die normalerweise zu erwartenden Resultate, Nach- 
kommenzahl und Geschlechtsverhaltnis, ungefahr vorausberechnet werden. 
Umgekehrt konnen aber auch aus einem Zuchtresultat die normalen Voraus- 
setzungen dafur errechnet werden. Daraus ergibt sich eine Kontrollmég- 


lichkeit durch Berechnung ausser einer Kontrollzucht. 


Der Einflus der Temperatur auf die Eiablage wurde untersucht und 


dabei festgestellt, dass die intensivste Legetatigkeit bei 21,5° C erfolgt, 


von 18° C an abwarts und 25° C aufwarts stark abnimmt. Bei 11° und 


30° C werden immer noch Larven infiziert, wenn auch ohne Erfolg. 

Die Entwicklungszeit von Pseudeucoila bochei zeigt einé Abhangigkeit von 
der Temperatur. Bei 13° C Zuchttemperatur betragt sie im Minimum 58 
Tage fur die Mannchen, die ersten Weibchen schlupfen 4—5 ‘Tage spater. 
Mit steigender Temperatur sinkt die Entwicklungsdauer bis auf 17 Tage im 


Minimum fur die Mannchen bei 25° C, die ersten Weibchen erscheinen 
nicht ganz zwei Tage spater. Ist die Zuchttemperatur noch hoher, so wird 
die Entwicklungszeit wieder etwas langer. Bei 30° C entwickeln sich keine 
Parasiten mehr. 

Die Entwicklungsdauer zeigt bei konstanter Temperatur individuelle 

Unterschiede. Das Auftreten von Nachzuglern (nach Berechnung zu spat 
schlupfende Parasiten) in Zuchten wird als Kontrollmoglichkeit der Zucht- 
bedingungen angegeben. 
Bei Zuchttemperaturen von 27° C tbersteigen die Ausfalle (abgestorbene 
Wirte und Parasiten) das normale Ausmass, wahrend die Zahl der noch 
zum Schlupfen gelangenden Wespen sinkt. Bei 30° C entsprechen die Aus- 
falle prozentual der Zahl der in einer Kontrollzucht bei 25° C schlupfen- 
den Parasiten. Parasiten entwickeln sich keine mehr. Sie sterben im Innern 
des Wirtes als junge Larven ab, wahrend dieser sich tber die Histolyse 
hinaus bis zur Imago zu entwickeln vermag, aber dann ebenfalls abstirbt. 
Dieser Ablauf der Entwicklung entspricht demjenigen mit ,,verspateten™ 
Parasitenlarven. 

Die Temperatur beginnt von 26° C an aufwarts die Entwicklung des 
Parasiten merklich zu hemmen, wahrend die Entwicklung des Wirtes noch 
leicht beschleunigt wird. Die Parasitenlarve bleibt infolgedessen in ihrer 
Intwicklung in Bezug auf die Entwicklung des Wirtes zurtick. Es kommt 
bei 27° C noch zur Bildung ,,verspateter“ Larven, von denen eine Anzahl 
mit ihrer E-:ntwicklung noch fertig wird. Bei 30° C wird die Verspatung zu 


gross, es kommen keine Parasiten mehr zur vollen Entwicklung. 
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besonders temperaturempfindliches Entwicklungsstadium  konnte 


nicht festgestellt werden. 
19. Vortibergehender Einfluss (48 Stunden lang von der Ejiablage) von 
tiefer Temperatur (8° C) hemmt die Parasitenentwicklung in starkerem 
Masse als diejenige des Wirtes. Es kommt wieder zur Bildung ,,verspate- 


rasitenlarven und grossen Ausfallen. 


mtane auffallige Mutationen wurden bei Pseudeucoila bochei keine 


21. Als weiterer Larvenparasit von Drosophila melanogaster wird die Braco- 
nide Phacnocarpa tabida Nees. mit unserer Cynipide Pseudeucoila bochei 
Wetp verglichen. Die Zucht des Parasiten gelingt, aber mit geringem 
Erfolg. Viele Phaenocarpa-Larven treten vor der Verpuppung in Diapause, 
bei Pseudeucoila wurde diese Erscheinung nie beobachtet. Die minimale 
I-ntwicklungszeit bei 25° C ist bei Phaenocarpa fir Weibchen und Mann- 


chen gleich lang, namlich 17 Tage (Pseudeucoila: Fur Mannchen 17, fur 


Weibchen 19 Tage). Es entwickelt sich ebenfalls immer nur ein Parasit 


pro Wirt, obwohl haufig noch viel massiver tberinfiziert wird als bet 


Pseudeucoila. Zum Schlipfen benutzt Phaenocarpa den Deckel des Wirts- 


pupariums, wahrend Pseudeucoila ein Loch herausbeisst. 


Bei gleichzeitiger Infektion einer Wirtslarve durch Pseudeucoila und 


Phaenocarpa kommt immer Pseudeucoila zur vollen Entwicklung. Deren 
| ryonalzeit ist bei 25° C am zweiten Tage beendet, wahrend diese bet 
Phaenocarpa bis zum vierten Tage nach der Eiablage dauert. Die Fier von 


Phaenocarpa werden haufig am zweiten Tage nach der Eiablage braunlich 


eingekapselt. Bei dieser Kapselbildung konnte es sich um eine Abwehr- 
reaktion des Wirtes handeln. Bei Pseudeucoila-EKiern konnte nie cine solche 


Bildung festgestellt werden. 


ird geschlossen, dass Pseudeucoila bochei Wetp und 
Phaenocarpa tabida Nexs. in der Schweiz verbreitet vorkommen und zwar 
nordlich und siidlich der Alpen in Héhenlagen zwischen 200 und 1 000 m. 


Arten. 


der beiden 


lrosophilae Kieffer 


la aus Drosophila- 
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It was suggested by ENpers (1939) and proved by Hansson (1947) that 
ovulation in the mink is not spontaneous but that it normally follows about 36 
hours after coition. Apparently the stimulus of coition (or riding) is needed 
for the induction of ovulation as is the case in, e.g. the rabbit and the ferret. 
l‘urthermore, E-NDERS (1940) stated that “if a mink has ovulated previously 
during the same season no amount of stimulation will cause a second ovulation.” 
Hansson found, however, that when the females were remated after an interval 
of 5—6 days from the first mating a new ovulation occurred in some cases, and 
when the interval was 7 days or more a second ovulation had occurred in every 
one of the 24 cases studied. Mating after shorter intervals than 5 days from 
the first mating never produced a second ovulation. Therefore, a certain time 
seems to be required for a new set of follicles to reach the stage of devel- 
opment where the coition stimulus can induce another ovulation. HANsson 
studied the fate of the eggs in the genital tract of 27 females which had ovulated 
twice and where the number of eggs from the two ovulations could be ascer- 
tained by sectioning the ovaries and counting the corpora lutea, and only in 
two cases did he find any fertilized eggs from the first ovulation. Therefore, 
the conclusion was drawn that the eggs from the first ovulation perish after 
the second mating. No dead eggs from the first ovulation were found in the 
Fallopian tubes or uterine horns, and therefore it was assumed that the eggs 
had been ejected through cervix in connection with the second ovulation. That 
the mating itself does not lead to the destruction of the eggs would seem to 
appear from the fact that the females which did not ovulate after the second 
mating, following a short interval, all had fertilized eggs in the Fallopian tubes. 


These observations are of considerable physiological interest, in addition to 


their practical importance to the mink breeders, which would seem to justify 


additional investigations on some points where Hansson’s date are few or 
incomplete. The appearance in the last few years of several recessive and 
dominant mutant color phases of mink has made it possible to produce genetic- 
ally marked whelps from the different matings, thus proving the paternity 
in regard to each whelp in a litter. The present writers have carried out such 


experiments during the breeding seasons 1950 and 1951 using recessive silver- 
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istel females which were mated to males of their own type as well 

zygous males of the dominant standard type. In about half the 

| the recessive type was used in the first mating and a standard 

second, and in the other cases the order of the males was reversed. 

here was no evidence of selective fertilization by spermatozoa from males 
ertain color phase, however, and therefore only the total and averages 

r each system of mating are published in the accompanying table. In another 
ies of experiments with three matings of each female, the recessive mutant 
ays used for the first mating, the standard type for the second 

ozygous Black Cross male for the third. The gene for the Black 

phase is dominant to standard as well as to silverblue. The Black 


ales were obtained from matings Black Cross & Black Cross, they 


st wholly white, and they were progeny tested for homozygocity. 
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THE OCCURRENCE OF SUPERFETATION IN THE MINK “ 
time, less exhausted than the sperm from the first mating and, therefore, more 
likely to fertilize the eggs. 

When the mating interval was two days 73 per cent of the young originated 
from the first and only 27 per cent from the second mating. Apparently most 
of the eggs were already fertilized by sperm from the first mating when the 
spermatozoa from the second mating reached the Fallopian tube. — The mixed 
litters in these two cases are examples of superfecundation, which is easily pro- 
duced in most polytocous animals. 

When remating was made 6—19 days after the first mating 14 per cent of 
the young originated from the first and 86 per cent from the second 
mating. The figures in the table show, somewhat surprisingly, that the percen- 
tage of young from the first mating increases with increasing mating interval. 
The explanation might be that the older blastocysts, which are ready for im- 
plantation or, perhaps, already implanted, are less sensitive for the distur- 
bances accompanying the second ovulation than are the younger ones. Appa- 
rently superfetation in the mink is the rule rather than an exception when 
remating occurs after an interval of 6 or mor days, although the majority of 
the whelps in a litter originate from the second ovulation. 

The result of three matings are in general agreement with those of two 
matings. The major part of the young originated from the second ovulation, 
released by a mating after an interval of at least 6 days after the first copu- 
lation. 

The size of litters obtained from the different mating systems shows some 
differences, but these are statistically significant only in one case; the mean 
litter size after three matings when the first interval was one day and the 
second 7—12 days is significantly smaller than that in the other groups. 

Our results agree mainly with those obtained by HANsson (1947), except 
that we have found that a much higher proportion of the fertilized eggs sur- 
vive a second ovulation and develop into normal young, and that this propor- 


tion seems to increase with increasing length of the mating interval. 


SUMMARY. 


I‘emale minks of the recessive silverblue and pastel mutant types have been 
mated to males of their own genotype as well as to the dominant standard type 
and in some cases also to homozygous Black Cross, using different mating 
intervals. When the mating interval was only one day 37 per cent of the 
young originated from the first mating but when the interval was two days 
the corresponding figure was 73 per cent. When the interval between the 
first and second mating was 6—19 days 14.4 per cent of the young, on an 


average, originated from the first mating. The percentage surviving blastocysts 
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m the first ovulation seems to increase with increasing length of the mating 
interval. It is concluded that superfetation is the rule rather than an exception 
in the mink when a second ovulation is induced by remating. 
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